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PREFACE TO THE FIRST EDITION. 



The Owens College Course of Elementary Biology, which forms 
part of the scheme of study prescribed by the Victoria Univer- 
sity, is of a rather more extended and comprehensive nature 
than the courses held elsewhere under the same name; and 
experience has shown me that there is want of a book that will 
guide and direct the student through the practical part of his 
work, the whole ground of which is covered by no one of the 
existing manuals. It is to meet this want that the present 
little work has been prepared. 

This first instalment of the work consists of an Introduction 
containing practical instruction in the methods employed in 
biological investigation ; followed by the application of these 
methods to the examination, both anatomical and histologi- 
cal, of an actual animal. For this purpose the frog has been 
selected as being convenient to dissect, easy to obtain, and a 
fairly typical example of the great group of Vertebrate animals. 
Where, from its small size or for other reason, the frog proved 
unsuitable, other animals have been substituted for it. 

For convenience of reference, and in order to definitely stamp 
the practical character of the work, durections for dissection, 
etc., have throughout been printed in italics. 

It is not expected that the student should do the whole of 
the work here given the first time he goes over it. The dis- 
section of the muscles and of the cranial nerves should only be 
attempted if time remain after the other work is completed. 



IV 

In preparing this first part I have received very valuable 
assistance from Dr. Hartog, Demonstrator of Biology in the 
College, and from my friend and pupil Mr. C. H. Hurst I am 
also much indebted to Pro£ Gamgee and to Mr. Waters for the 
important help they have given me in the Histological portions. 

Owens College, 

August, 1882. 



PREFACE TO THE SECOND EDITION. 



In preparing the present edition I have again received valuable 
help from Mr. C. H. Hurst, Assistant Lecturer in Zoology 
in the College. 

The illustrations are, with the exception of figs. 1, 11, 12, 
and 14, original; and will, I hope, add to the usefulness 
of the book. They have been carefuUy selected in order to aid 
the student in his work without in any way replacing the 
drawings he must make from his own dissections. 

The second instalment of the work, containing directions for 
the examination and dissection of a number of animals chosen 
as types of the principal zoological groups, is in active prepara- 
tion, and wiU be published shortly. 

Owens College, 

July, 1885. 



CONTENTS. 



Introduction. pages 

Laboratory Bules. Apparatus required. Dissection. Drawing. 
Use of the Microscope. Preparation of Microscopic 
Objects. Section Cutting 1-12 

CHAP. I. 
General Anatomy of the Frog. 

External Characters. Buccal Cavity. Abdominal Viscera. 

Peritoneum. Digestive Organs 13-21 

CHAP. II. 

The Vascular System of the Frog. 

The Heart. The Veins. The Arteries. The Structure of the 

Heart. Microscopic Examination of Blood 22-84 

CHAP. III. 
Elementary Histology. 

Epithelium. Gllands. Muscle. Connective Tissue. Cartilage. 

Bone 85-44 

CHAP. IV. 

The Skeleton of the Frog. 
The Axial Skeleton . The Appendicular Skeleton 45-59 

CHAP. V. 

The Muscular System of the Frog. 

Muscles of Trunk. Muscles of Head. Muscles of Hind-limb. 60-71 

CHAP. VI. 

The Nervous System of the Frog. 

The Central Nervous System. The Peripheral Nervous System. 

Histology of Nerves 72-90 

CHAP. VII. 
The Eye and Ear. 

The Eye of the Prog. The Eye of the Sheep or Ox. Histology 

of the Eye. The Ear of the Frog 91-98 

CHAP. VIII. 

The Kbproductive Organs and the Cloaoa. 
The Male Prog. The Female Prog 99-101 



INTRODUCTION, 



I-LABOBATOItT RULES. 

1. The Laboratory is open daily throughout the session from 
10 to 1.30 and from 2 to 5 ; on Saturdays from 10 to 1. 

2. Each student has a definite seat assigned him in the 
Laboratory, which he is not allowed to change without per- 
mission. 

3. Each student has the free use of the locker belonging to 
his seat ; the key may be obtained on payment of a deposit of 
half a crown, which will be returned if the key is given up 
before the end of the term, but otherwise will be forfeited. 

4. All necessary reagents and specimens for dissection are 
provided by the Laboratory, but each student is required to 
furnish himself with dissecting instruments, note book, and 
pencil, as explained in the next section. 

5. Paper and solid refuse from dissections must not be thrown 
into the sinks, but into the pails provided for the purpose. 

II.-LIST OF APPABATIJS REQIJIItED. 

Each student is required to provide himself with the fol- 
lowing : — 

1. Two scalpels or dissecting knives, one large and one small. 

2. Two pairs of forceps, one large and one small. Both pairs 
should have the tips roughened in order to secure a firmer hold. 

3. Two pairs of scissors ; one pair large and strong, for cut- 
ting bone and other hard tissues; the other pair small, for 
fine dissections. The latter pair should have the blades either 
bent at an angle (elbow scissors), or else curved. In selecting 
scissors be careful to see that they cut quite up to the points 
of the blades. 

4. Three needles, mounted in handles ; two round and one 
triangular. 

5. A seeker, i,e, a blunt needle mounted in a handle, and 
with the end bent at an angle. 

7. A pocket lens. 
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8. Slides and ooverslips, for mounting microscopical speci- 
mens. 

9. A blank note book, for drawing in ; an HB pencil, and a 
piece of india-rubber. 

ni.-ON DISSECTION. 

The object of dissection is to separate the several parts and 
organs from one another, so as to define their boundaries and 
display clearly their relations to one another. Dissection con- 
sists, therefore, mainly in removing the "connective tissue" 
which binds the several parts to one another. 

The following rules should be carefully attended to : — 

1. Always pin down the animal you are dissecting firmly to 
the dissecting board. Never attempt to dissect a specimen 
that is not so fixed. 

2. In pinning out a dissection stick the pins in, not verti- 
cally, but obliquely, so that their heads do not get in the way 
or obscure the dissection. 

3. Never cut away anything until you are quite certain what 
it is you are removing. 

4. Always put the part you are dissecting slightly on the 
stretch ; e,g, when dissecting the bloodvessels or nerves of the 
throat, distend it by passing a small roll of paper or the 
handle of a seeker down the oesophagus ; or when dissecting 
the muscles of the leg, pin out the leg in such a position as to 
stretch the muscles you are cleaning. 

5. In cleaning bloodvessels or nerves always dissect along 
them and not across them ; and avoid laying hold of them 
with the forceps. Similarly when cleaning muscles, dissect 
along their fibres and not across them. 

6. Fine dissections should always be done under water, which 
supports the parts and greatly facilitates the operation. A 
stream of water allowed to play gently on the dissection from 
time to time is often a valuable aid. 

7. The dissection of muscles, and still more of nerves, is 
greatly aided by placing the specimens in spirit for a day 
before dissecting. 

8. Always keep your instruments clean and sharp. Be care- 
ful not to blunt your fine scissors or scalpel by using them for 
cutting hard parts. 
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IV.-OH DBAWIHG. 



B abaolutelj eBaentiul to draw your diaaectiona, and thia 
must on no account be omitted. Keep a separate book for your 
drawings, and draw every dissection you make. Do not be 
discouraged if you find it difficult at first : you will never regret 
time spent on it 

The following rules will be useful to those who have not 
learnt drawing systematically ; 

1, Always make your drawing to scale, ie., either the exact 
size of the natural object, or half or double or treble that size 
Bs the ease may be. 

2, In commencing a drawing, first determine by careful 
meaBuremont the positions of the principal points, and sketch 
in lightly the whole outline before finishing any one part 

3, If the object you are drawing ia bilaterally synmietrical, 
draw a faint line down the middle of your paper, and sketch iu 
the left hand half first ; by measuring from your median line 
it will be very easy to make the two halves symmetrical. 

i. Always name the several parts shown in your drawing, 
and mark also the scale adopted. Thus, if your di-awing be 
of the natural size mark it thus — xl ■ if it he double the size 
of the object mark it x 3 ; if half the size, x J, and so on. 

6. Coloured pencils are very useful, and water-colour paints 
still better. Always keep certain colours for particular oi^ans 
or tissues; e.g., when drawing the skeleton colour the cartilage 
blue, the cartilage bones yellow, and the membrane bones either 
red or white ; when drawing the bloodveBsela colour the arteries 
red and the veins blue, 

V.-IHE USE OF THE HICROSCOPE. 

The microscope consists essentially of a stand and a loc/ji, the 
latter of which bears at each end the lenses by which the magni- 
fying power is obtained. 

The stand is an upright pillar, the lower end of which is 
attaclied to a heavy foot to ensure steadiness. A little way 
above the foot the stand supports a horizontal plate — the ttage — 
on which the object to be esamined is placed. The stage is 
perforated in the middle by a hole, the size of which can be 
varied by means of diaphragms. Through this hole light is 
directed on the object to be examiiied by means of a min-or 
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7I.-THE FBEFABATION OF MICBOSCOFIC OBJECTS. 

In mounting microscopic objects be careful that your slides 
and coverslips are thoroughly clean. Slides should be labelled 
as soon as they are prepared, and should be kept in a box or 
cabinet in which they can lie flat. 

A. Methods of Monnting. 

There are various media in which objects may be mounted. 
The method of procedure is much the same with all. Put a 
small drop of the fluid in the middle of the slide, place the 
object in the middle of the drop, and arrange it with needles in 
any position that may be desired. Then place the coverglass 
carefully on the top, letting it rest by one edge on the slide 
and supporting the opposite edge by a needle, which is gradually 
withdrawn so as to let the coverglass down slowly and drive 
out any air-bubbles there may be in the fluid. If any air- 
bubbles still remain, leave them alone, as they will probably 
work out by themselves. Be careful not to use too large a 
drop of your mounting medium, and above all things be care- 
ful not to let any of it get on the top of the coverglass ; -should 
this happen, the cover must be removed at once and the speci- 
men mounted again with a clean coverglass. 

The most important mounting media are : — 

1. Normal Salt Solution. A 0*75 per cent, solution of com- 
mon salt in water. This is very useful for the examination of 
fresh specimens of animal tissues, as, unlike water, it has practi- 
cally no action whatever on them. It cannot be used, however, 
for making permanent preparations. 

2. Glycerme. Can be used either pure or diluted with its 
own bulk of water. If the preparations are intended to be 
permanent, a narrow ring of cement must be painted round 
the edge of the coverglass to fix it to the slide. 

3. Canada Balsam. The most generally useful; requiring 
no cement. Specimens that are to be mounted in balsam must 
first be deprived of all water they may contain by placing for an 
hour or so in absolute alcohol, and should then, before mounting, 
be soaked for a few minutes in a mixture of creosote and turpen- 
tine in order to clear them, i.e., render them permeable by the 
balsam. Canada balsam, if too thick, may be diluted with 

loroform, turpentine, or benzole. 



THE PKEPABATION OF UICROaCOPIO OBJECTS. 



The object of teasing ia to aeparate the Beveral parts of a 
tissue or organ from one another as completely as possible, in 
order to show their minute Btmcture, 

The fragment to be teased should be placed on a slide in a. 
drop of the medium in which it ia to bo mounted, and then 
torn up into as minute particles as possible bj means of a couple 
of needles held one in each hand. The process is ofton greatly 
facilitated by placing the slide on a pieue of black paper, which 
renders the particles easier to see. When torn up as finely aa 
possible, a coverglass ia placed on as before. The two rules to 
be borue in mind iu teasing are — 

li Take a very small fragment to conmience with, 

2. Tease it as finely as you possibly can. Your object is to 
separate the component cells from one another, 

C, Uaceration. 

The proQeas of teasing is in many cases very greatly faeilitated 
by previously macerating the specimen, i.e., soaking it iu some 
fluid, which, while preserving the individual cells, tends to 
loosen their connections with one another. The most important 
macerating fluids are — 

1. BanTier'B Alcohol, A mixture of one part of strong spirit 
with two parts of water. The specimens should be put fresh 
into this preparation and allowed to remain twenty-four hours, 

S, Baryta Water. Very useful for isolating the individual 
cells of tendons. 

3. Snllei'a rinid. A solution of bichromate of potash with 
a little Bodio sulphate in water. 

S. Stainiiig. 

Various reagents are employed for the purpose of staining 
preparations ; some of these merely colour the whole prepara- 
tion more or less uniformly, but tho most useful ones are those 
which stain certain parts of the cells only, or at any rate stain 
these much more strongly than the other parts. The most im- 
portant are ; 

1. EfBinatozyluL There are various preparations of hrema- 
toxjlin, or logwood, used in microscopical work : the best ia that 
proposed by Kleinenberg and called by his name, It is pre- 
pared thus : — 
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(a) Make a saturated solution of crystallized calcium chloride 
in 70 per cent, alcohol, and add alum to saturation. 

(h) Make a saturated solution of alum in 70 per cent, alcohol, 
and add (a) to (6) in the proportion of 1 to 8. 

(c) To the mixture of (a) and (6) add a few drops of a 
saturated solution of haematoxylin in absolute alcohol 

The specimens, which must be perfectly free from all trace 
of acid, should be left in the hsematoxylin in a covered vessel 
or stoppered bottle for from one to twenty-four hours, according 
to the size of the specimen and the depth of staining desired, 
and then placed in strong spirit for some hours before mounting, 
Hsematoxylin stains the nuclei of cells much more strongly than 
the other parts. 

2. Borax-carmine. This, which is perhaps the most generally 
useful of all the stains in ordinary use, is prepared as follows : 
Dissolve 2 parts of carmine and 4 of borax in 100 parts of 
water : add an equal volume of 70 per cent, alcohol ; let the 
mixture stand for a couple of days, and then filter. 

Specimens may be left in borax-carmine for from one to 
twenty-four hours, or even for two or three days : on removal 
they should be placed in acid-alcohol — i.e,, 70 per cent, alcohol 
to which a few drops of hydrochloric acid have been added — 
imtil they become a bright scarlet colour, when they should be 
transferred to 70, and then to 90 per cent, alcohol, in which latter 
they may be left till required. The time of immersion in acid 
alcohol will vary according to the nature and size of the speci- 
men from a quarter of an hour up to a day or more. 

3. Ficro-carmine. A very useful, and to a certain extent a 
difierential stain, as it colours the several tissues diflferent 
tints. It may be prepared thus : Dissolve 1 gramme of carmine 
in 4 cc. of liquor ammonia and 200 cc. of distilled water. Add 
5 grammes of picric acid ; shake the mixture well for some 
minutes, and then decant fix)m the excess of acid. Leave the 
decanted liquid for some days, stirring it occasionally: then 
evaporate it to dryness, and to every 2 grammes of the dried 
residue add 100 cc. of distilled water. 

Picro-carmine answers best with specimens preserved in 70 per 
cent alcohol. They should be left in the stain for a day, and 
then placed in 70, and afterwards in 90 per cent alcohol Some 
ffpecimens give better results by washing freely with water on 
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removal from the picro-earmine, and then placing in 1 per cent, 
acetic acid fur an bour before transferring to alcohol. 

4. Hagenta. Stains very rapidly, but diStiaely : the colour 
also is uot permanent. Useful for fresh Bpecimeus of infusoria, 
hydra, and some other of the lower animida, 

5. Silver nitrate. A I per cent, solution in water stains the 
intercellular substance, which binds together the several cells of 
a tissue, much more strougly than the cells themselves, and is 
therefore chiefly used when we wish to render promiuent the 
outlines of the individual cells. The specimens should be placed 
fresh in the silver solution for from two minutes to a quarter 
of an hour, then washed thoroughly with distilled water and 
exposed to the light until stained sufficiently deeply, when they 
may be mounted iu glycerine. Such preparations are rarely 
permanent, as the reduction of the silver, to which the staining 
is due, continues until the specimens ultimately become too 
dark to be of auy use, 

6. OBtnio Acid. A 1 per cent, solution of osmic acid iu water 
forms an extremely useful staining reagent. It is especially 
useful for the detection of fat which is stained by it a dark 
brown or black colour. Specimens, which must be quite fresh, 
should only be left in it a few minutes, and may then be 
mounted iu glycerine or else dehydrated aud mounted in balsam. 

7. Acetic Acid. Although not strictly a staining agent 
inasrauch as it does not colour the specimens, acetic acid may 
conveniently be mentioned here as it is used for the same pur- 
pose ns the true stains, i.e., for the sake of rendering certain 
parts of the cells especially distinct. Acetic acid, of which a 
1 per cent, solution is employed, causes the protoplasm of cells 
to swell up aud become transparent, and brings the nuclei 
into special prominence. It is used with fresh specimens. 

ti VII.-ON SECTION CUTTING. 

} Many tissues and organs can only be studied satisfactorily by 
butting them into thin sections, and thici method of investiga- 
tion is of such importance as to reqiure special notico. There 
are three chief stages : Hardening, Imbedding, and Cutting, 
which will bo noticed iu succession. 

A. Hardenii^. 

ore the object can be cut iuto sections it is necessary to 
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harden it : this may be effected by freezing, but the more usual 
plan is by means of reagents. The general action of these 
hardening reagents is to coagulate the protoplasm of the tissues ; 
and the objects to be attained are to effect this coagulation 
quickly, before the tissues can undergo any alteration; and 
thoroughly, i.e., throughout the whole thickness of the object to 
be hardened. To ensure the latter result it is always advisable 
to use small pieces of the substance to be cut. 
The hardening reagents in most common use are : 

1. Osmic Acid. For this purpose a 1 per cent, solution in 
water is used : it acts almost instantaneously, and so allows no 
change to occur in the tissues; it has also the merit of staining 
the tissues as well as hardening them. It can, however, only 
be employed when the specimens are very small, as it hardens 
the siirface layers so rapidly that it is unable to penetrate 
beyond a very slight depth. A few minutes immersion is 
usually sufficient. 

2. Corrosive Sublimate. A saturated solution in water is 
employed, in which the object is placed for half an hour or 
more. After removal it is thoroughly washed with water or 
weak alcohol, and then transfeiTcd to 70 per cent, alcohol 
before staining. 

3. Chromic Acid. A 0*25 to 0*5 per cent, solution of chromic 
acid in water is a useful hardening reagent ; it acts much more 
slowly than osmic acid, but is thereby enabled to penetrate to 
greater depths. Specimens should usually be left in the solution 
for 24 hours. 

4. A Miztnre of chromic acid with a few drops of osmic 
acid is often very useful, as it combines the advantages of both 
reagents. 

5. Picric Acid. A very valuable hardening reagent, of which 
the best preparation is Kleinenberg's. Specimens should be 
left in it from 12 to 24 hours. It is prepared thus : with 100 
cc. of water make a cold saturated solution of picric acid : add 
2 cc. of concentrated sulphuric acid : filter, and add to the 
filtrate three times its volume of water. 

6. Absolute AlcohoL Often a useful hardening reagent. 

B. Dehydration. 

Specimens that have been hardened in any of the preceding 
reagents, with the exception of the last, should, on removal, 
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a few hours in 30 per cent, alcohol, and then 
Bteaneferred to 50 per cent alcohol : on the following day they 
^flhould be transferred to 70 per cent, alcohol, which should be 
I cAianged daily until the specimens are colourless ; they may 
I then be left in 90 per cent alcohol until required. 

C. Staiati^. 

The hardened specimens, if not too large, may now be stained 
with either hffimatosyliii, borax-carmine, or picro-carmiue ; they 
should then be placed back in 90 per cent alcohol and trans- 
ferred from that to absolute alcohol immediately before im- 
bedding. If too large to staiu whole, the sections must be 
stained after ciittiug. 

I ]}. Imbedding. 

I The preparation of sections is greatly facilitated by imbedding 
the specimen in some waxy substance. For this purpose various 
materials have been employed, but by far the most iisefnl is 
paraffin, which is used in the followmg manner : — 

The stained specimen is placed in absolute aloohol for an 
hour or two in order to completely dehydrate it It is then 
transferred to turpentine, in which it is left for half an hour or 
more until completely saturated. From the turpentine it is 
transferred to paraf&n, which is kept by means of a water bath 
at a temperature just above its melting point In this it is 
left for several hours, or even for a whole day, in order that it 
may be thoroughly permeated. It is then placed in a small 
box of paper, or other material, filled with melted paraffin. 
By means of hot needles it can readily be arranged in any 

tdesired position ; and then the paraffin should be allowed to 

■ oooL 

I E, Section-Catting:. 

When thoroughly set the block is removed from the bos, and 
the paraffin pared away with a knife until the specimen just 
comes into view. 

The block ia then placed in a microtome, and cut into thin 
sections. These may be transferred one by one to a slide, but 
ft great saving of time is effected by the method of cutting 
continuous ribbons devised by Mr. Caldwell. 

L This depends on the fact that if the paraffin ia of proper 

lifionsiatency the successive sections, as they are cut, will stick 
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together at their edges, so as to form a ribbon. To ensure this 
the razor should be placed at right angles to the direction of 
stroke, and the edges of the block of paraffin cut parallel to one 
another, and to the edge of the razor. If for any reason it is 
desirable to imbed the specimens in a paraffin too hard to form 
ribbons, the block should, before cutting, be coated with a 
layer of soft paraffin, by dipping it for a moment in a dish of 
melted soft paraffin. This outer coating should be left on the 
sides of the block parallel to the edge of the razor, but cut 
away from the sides at right angles to it. 

The razor should be used dry : and the sections, when cut, 
placed on slides painted, just before they are used, with a thin 
layer of a mixture of collodion and oil of cloves in equal parts. 
The slide is then heated by a water bath to a temperature not 
exceeding 55° — 60** C, so as to melt the paraffin and evaporate 
the oil of cloves. The melted paraffin should then be washed 
oflf by turpentine, when the sections will remain fixed to the 
slide by the collodion, and may be mounted in balsam in the 
usual manner. 

Instead of the mixture of collodion and oil of cloves, a solution 
of shellac in absolute alcohol may be used: this should be 
spread over the slide iii a thin layer by means of a glass rod 
and allowed to dry. Immediately before being used the slide 
should be brushed over with oil of cloves. 




Lay the frog c 
I points : — 

1. The divisioa into head, tniuk, and limbs ; and the abecuce 
I ot neck and toil 

I. The two great Burfaces ; — 

a. The dorsal surface, or back, directed upwards when 
the frog is iu the natural position, 

b. The ventral Burfaca, or belly, directed downwards 
towards the ground. 

3. The skin : moiat and smooth : devoid of hairs, scales, or 
pilliwa. The colour of the skin is variable iu different specimens 
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and at different times : mottled on the dorsal surface, paler on 
the ventraL 

4. The head : flat and triangular, with a blunt apex directed 
forwards. 

At the sides of the head are the eyes, which are large and 
prominent. Each eye has two eyelids of which the upper is thick, 
pigmented, and almost immoveable, while the lower is semi- 
transparent and freely moveable. 

Behind the eye on either side is an obliquely placed elongated 
patch of a dark colour, in the middle of which is a circular 
area — ^the tympanic membrane — supported by a firm marginal 
ring. 

5. The limbs: two pairs, fore and hind, each composed of 
three segments — 

a. Fore limb : 

i. Arm. 

ii Forearm. 

ill. Hand, with four digits corresponding to the four 
fingers of man ; the thumb being very small and 
inconspicuous. In the male frog at the breeding 
season there is a thickening along the inner edge 
of the first digit. 

b. Hind limb : much longer than the fore limb : 

composed of : — 

i. TMgh. 

ii. Leg. 

iii. Foot, with five toes, webbed together. The 

shortest toe corresponds to the big toe of man, 

and the longest to his fourth toe. 

6. External apertures: or openings on the surface of the body. 

a. Median apertures. 

i. Mouth : a wide horizontal slit 

it Cloacal aperture : a small hole at the posterior end 
of the body between the legs: placed slightly 
on the dorsal surface, just behind the bony pro- 
jection formed by the posterior end of the 
urostyle. 

b. Faired apertures. 

i. Nostrils or anterior nares : two small openings on 
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the dorsal surface of the head, cloao to its 
anterior end. 

B, The Buccal Cavlt;. 

Open the mouth lo its flit I extent: note the leide buccal or mouth 
cavity, of which tJie hinder part or pharynx it continued back into 
t/ie aisopliagua. Note also the following structures: — 

1. On the Eoof of the Mouth. 

a. Teeth. 

i. Maxillary teeth: a row of fine teeth attached 

round the edga of the upper jaw. 
ii. Vomeriae teeth : two small patches of sharp t«eth 
In the fore part of the roof of the mouth and 
near the middle line. 

b. The posterior nares. Two small holes lying to the 

outer sides of and slightly in front of the two patches 
of vomerine teeth. 

Pass hriiltes through the nostrils, and see that they 
come out through the posterior nares into the buccal 
eaviuj. 

c. The Eustachian tuhes or recesses, A pair of much 

larger holes at the sides of the posterior part of the 
buccal cavity. Each hole opens iuto a slightly 
dilated chamber — the tympanic cavity — whict ia 
closed externally by the tympanic membrane already 
seen on the surface of the head. 

Ferfm-aU the tympanic membrane on one side with a 
needle, and pass a bristle through the /lole and down the 
Eustachian tube into the nuratli. ' 

d. Two rounded prominences at the sides of the roof of 

the mouth oaiiaed by the eyeballs. 

Frets down one of the eyes with your ^nger, and w/te 
that it can be made to pryect very considerably into tlie 
buccal cavity, 
2. On the Floor of the Mouth. 

a. The lower jaw, devoid of teeth, and forming a bony 
margin to the floor of the month ; the rest of the floor 
is soft and fleshy, but is slightly stiffened by a rar- 
tilaginouB plate — the body of the hyoid. 
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b. The tongue: thin and fleshy: attached to the front 
part of the floor of the mouth, and with its firee 
bilobed end turned backwards toward the throat 
Turn the tongue forward with the forceps to see: — 
C The glottis : a longitudinal slit in the floor of the 
posterior part of the mouth : its sides are stiflened by 
the arytenoid cartilages. 
Fobs bristles through the glottis into the lungs, 

C. The Abdommal Viscera. 

Lay the frog on its hack under water ^ and fasten it down to the 
dissecting hoard hy pins through the limhs. Cut through the shin 
along the middle line the whole length of the ventral surface. 
Separate the skin from the underlying parts^ noticing its very loose 
attachment to these parts, and the large space — lymph cavity — 
heneath it. Turn the flaps of skin outwards and pin them hack, 
Notice : — 

a. The muscles forming the body wall. 

h. The sternum, or "breast-bone," in the middle line, 
opposite the fore-limbs. 

Pinch up with forceps the muscular hody wall, and cut through 
it into the hody cavity with scissors a little to the right of the 
median line, being careful not to injure the anterior abdominal 
vein which runs along the inner surface of the hody wall in the 
middle line. 

Continue the cut backwards to the hinder end of the body and 
forwards to the jaw, cutting through the sternum with strong 
scissors, and taking care not to injure the parts beneath. 

Note on the inner surface of the left flap the anterior abdominal 
vein, and carefully dissect this from the flap. Full the two flaps 
apart, cutting through them transversely at their posterior ends to 
facilitate the process, and pin them out so as to display the viscera. 

Inflate the lungs with a blowpipe through the glottis, and inflate 
the bladder through the cloacal aperture, 

Note and draw the general arrangement of the viscera, 
showing : — 

1. The heart : enclosed in the pericardium : situated in the 
middle line in front, and in the natural condition of the parts 
covered by the sternum 
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2. The liver: a large reddish-brown bilobed organ juat behind 
the heart, 

3. The longs : two thin-walled elastic bicb at the sides of the 
heart : they lie dorsal to the liver, and are often hidden by it. 

Note tk^ briifihs already passedinto tk( lungs through the gioitw. 

4. The corpora adipasa, or taX bodies: two bright yeUow 
tufta of flattened processes attached to the dorsal wall of the 
body cavity : they vary much in aize, and usually come to the 
surface just behind the liver. 

5. The amall intestine ; a light coloui-ed convoluted tube : 
in the middle line behind ia the much wider lar^e intestinfl. 

6. The bladder: a thiu-walled bilobcd sao at the posterior 
end of the body cavity. 

~ ?■ In tite female frog note, in addition to the above parts, 

a. The oraries : two large bodies of irregular shape, each 
consisting of a mass of spherical black and white 
eggs, like small shot 

b. TheOTidncts: twolongvery much convoluted tubes with 
thick white walla, lying at the aides of the body cavity. 

t 8. /n the male frog note, 

a. Tlie testes : a pair of ovoid bodies of a pale yellow 
colour, attached to the dorsal waU of the body 
cavity. 

S. The Feritonemn, 




OENEBAL AHATOKT OP THE TBOG. 



ifbodjirall: <1, hrge inteatbe : 



miucnlai Ixidj ir 



Notice tiie thin pigmented membrBue — the peritoneum— 
vhioh lines the body canity. Trace this to the mid-dorsal line 
vhere it is reflected downwards as a double layer — the meseE- 
teiy— which embnu^ea at its edge the alimentaiy canal. 

Notice also that all the abdominal viscera are really outside 
the peritoneum, which forms a closed sac into which the viscera 
are as it wei« poshed from without 

E. The Sigestire Orgaiu. 




Fig. 8. G«iieTBlTieiTof UMTiBoaaof UiemalefrogffromtheriglitBide. 

a, itomaclirb, bladder: e,niiiillint«etiiie: el, doocal apertora : d, bun 
intestine i e, Utst : /. Ule doct : g, gall Uadder i h, spleen : i, lung : ft, 
hryni: I, fat body: m, testii : n, meter to, Mdney: p, poncretu: r, pelvic 
■;niph;Di : », Mrebnil bemiEpheie : *p, spin^ cord : t, tongue : u, unricle : 
ur, mostjle : v, ventricle : v.», TCaicua aemipalU : vi, optic lobe : x, cere- 
bellniD I Vi l^iurtAcluaa Koew : t, naaaJ eaOp 

Tvm the liver forwards, and note the Btomach lying beneath its 
left lobe. Piue the handle of the seeker through the immth and 
down the asophagm into the stomaeK 




SIQESnVB OBGASB. 

[If the spedmen le a female, remove Oie ovaries and oviducis 
ipletely.] 

1. The Alimentary Canal. 

a. The <£gophaguB : a Bhort wide tube leading firom the 

buccal cavity to 

b. The stomach : a wide tubular aao about an inch and a 

half in length : narrowed behind, aud separated by 

a distinct pyloric conBtriotion from the duodeQum. 

Cut open. (A< stomach longitudinally along its left hand edge: 

Wmote the handle of the seeker already inserted throvgh the mouth ; 

Fobo the longifadinal folds of the m/ucoua membrane lining Hie 

I ttomach, whidt serve to increase the extent of its surface. 

0, The dnodenom : the first part of the small inteEtiue ; 
rather more than an inch in length : beyond the 
pylorus it is bent back so as to lie parallel to tho 
stomach. At its further end it posses without any 
sharp boundary into 

d. The small intestine: a slender coDvoluted tube about 
four aud a half inches long, opening at its distal end 
by a small orifice into 

e. The large intestine : a short straight tube about an 
inch and a quarter long : very much wider than tho 

small intestine, and opening behind to the exterior at 
the cloacal aperture. 
t The cloaca in the frog is the last half inch of the large 
intestine into which open the renal and genital ducts 
as well as the bladder: it wiU be described more 
fully when considering the urinary and reproductive 
organs, 

2. The Liver. 

A large reddish-brown oi'gan, divided into right and left 
lobes, connected together by a narrow bridge of Hver-tisBiie. 
Of the two lobes the left one is much tho larger, and is again 
subdivided into two. 

a. The gall-bladder: a small spherical sac lying between 
the right and left lobes of the liver. 
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b. The Me dact : a slender tube leading from the liver 
and gall bladder to the duodenum, into ^hich it opens 
about half an inch beyond the pylorus, and on the 
inner or concave side of the loop formed by the 
duodenum and stomach. The lower half of the bile 
duct has rather thick white walls and is easy to see, 
but the upper half is more slender and more difficult 
to trace. 

To see the opening of the bile duct, slit up the first three quarters 
of an inch of the duodenum along its convex border : wash out its 
contents : note the point at which the bile duct enters : find its 
actual opening, and insert a bristle through it into the duct. 
Notice also the strong wavy transverse folds of the mucous mem^ 
brane of the duodenum, 

3. The Pancreas. 

A whitish irregularly lobed mass lying in the loop between 
the stomach and duodenum, and seen best by turning the whole 
loop forwards. The pancreatic ducts, which are numerous, 
open into the bile duct, which passes through the pancreas to 
reach the duodenum. 

Cut through the mesentery along its attachment to the intestine : 
uncoil the intestine and spread it out on your dissecting board : 
measure the lengths of the several portions and draw them to scale, 

F. Other Abdominal Viscera. 

1. The Kidneys : two flat elongated oval bodies of a red 
colour attached to the dorsal body wall, close to the middle line, 
one on each side of the back bone or vertebral column. They 
lie in the large lymph space behind the peritoneum. (See fig. 
2, p. 17.) 

a. The Ureters, or ducts of the kidneys : two white tubes 

arising from the outer edges of the kidneys at about 
a quarter of their length from their hinder ends, and 
running back to open into the dorsal wall of the 
cloaca, opposite the opening of the bladder. 

b. [In the male frog notice a sac-like dilatation — ^the yesi- 

cola seminalis — on each ureter, close to its opening 
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into the oloaoa: notice also the testes — a pair of 
yellow ovoid bodies attached to the ventral surface of 
the kidneys.] 

2. The Spleen: a small round dark-red body lying in the 
mesentery, opposite the commencement of the large intestine. 
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Chap. n.-TEE VASCTTLAB SYSTEM OF THE FBOO. 

The vascular system is a closed system of tubes or vessels 
filled with blood, and ramifying throughout all parts of the 
body : its main parts are (1) the heart, which by its contractions 
is continually driving the blood round and round the system of 
vessels : (2) the arteries, which are the vessels taking the blood 
from the heart to all the different parts of the body : (3) the 
veins, which return the blood from those parts back to the 
heart : and (4) the capiOaries, a system of very small vessels 
connecting the arteries and veins together. 

A. The Heart. 

Pin down the frog on its hack and open the body cavity as hefore^ 
taking especial care to preserve the anterior abdominal vein. 
Dissect the vein carefully from the body-wall, and pin out the flaps. 

Open the pericardial cavity : examine and draw the heart in 
sitUf showing 

1. The divisions of the heart. 

i. Theanricles: anterior, thin-walled and dark coloured 
owing to the blood being seen through their walls. 
On close examination the division into right and 
left auricles can be seen. 

iL The ventricle: posterior: paler in colour owing to 
the greater thickness of its walls : conical in 
shape, with the apex pointing backwards. 

iii. The tnuicas arteriosus : a cylindrical body arising 
from the right anterior border of the ventricle, 
and running obliquely forwards across the 
auricles. 

Lift up the ventricle and turn it forwards so as to expose 

iv. The sinus venosns : a thin-walled sac lying on the 
dorsal side of the auricles and ventricle, and 
receiving the three large venie cavSB. 

2. The pulsation of the heart. 

a. Note that the contractions of the heart continue some 
time after the frog has been killed, or even after the 
heart is completely removed from the body. 



b. Note the eharaoter of the heart's pulsations— a ragukrl j 
alternatiog Bories of contractions and dilatations. 

C. Note further that in each contraction or systole of the 
heart all four divisions of the heart contract, but not 
simultaneously. The sinus venoaus contracts first, 
then the two auricles, then the ventricle, and finally 
the truucuB arteriosua 

B. The Veins, 




Sf stem of t^a frog, from tie 
b, bloddeF : 

-■- '.p. ItSttDelTlCTBin; 



), brachial vein i 
: e,v, eitemal 



I^. i, Diagiammatio Sgare of tlie 

a, BUauBJsh : a,,v, anierioi Bbdominal voia : b, 
c.l, claa^B : e.v, cardioa vain: d, larga mtoati 
jogoliU' vein : /.v, femamlvein: ^,ga.U btaddcr : 
cavOi : i.v, innominate vein : j.v, internal jiigiikr vein : i.p, 
m,v, muacala-cntoneomi vein : o, kldnaf : p.v, hepatic portaJ 

pclrio vein ; r.«, right roEal portal veia ; s, rinas TenoauB : h._. .. 

I.v, enbclaviau vein : t, tongita : t.a, tioiicas nxteriosus : u, right anride : 
v, veatricle ; v.v, Teeical veina. 

The veins should be dissected before the arteries because, as 
a rule, they lie nearer the surface and are therefore mot with 
first The veins are further distinguished from the arteries by 
their larger size, thinner walls, and darker colour, due to the 
blood being seen through their walls. 

Diisectjrom the ventral ewface. In cleaning a vevit take hold 
with the forceps, Ttot of the vein itself but of the tissue mrrotmding 
it: and take eepedal care not toprici the vein, as bj/ doing so you 
allow ike blood to escape and obscure the direction, and also 
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render the vein iUelf difficult to see owing to the loss of colour. 
Always dissect along and not across a bloodvessel, and pin out the 
parts so as to stretch it slightly, 

I. Veins opening into fhe Sinus Venosns. 

a. The right superior vena cava : a large vein opening 
into the right side of the sinus venosus, and returning 
to it the blood from the right side of the head and 
body, and from the right fore-limb. It is formed by 
the union of three veins : — 

1. The external jugular vein: formed by 

L The lingual vein : from the floor of the mouth 
and the tongue. 

ii. The mandibular vein : from the margin of 
the lower jaw. 

2. The innominate vein : formed by 

i. The internal jugular vein: returning blood 
from the interior of the skull, which it leaves 
by an aperture at the posterior border of 
the orbit. 

ii. The subscapular vein: a small vein from the 
back of the arm and shoulder. 

3. The subclavian vein : the largest of the three : 

formed by 

i. The brachial vein : from the fore-limb. 

ii. The musculo-cutaneous vein: a very large 
vein returning blood from the skin and 
muscles of the side and back of the body, 
and of the head as far forwards as the nose. 

b. The left superior vena cava : its course and branches 

are the same as those of the right. 

c. The inferior vena cava: a median vein which, com- 

mencing between the kidneys, runs forward to open 
into the posterior end of the sinus venosus. It returns 
to the heart blood from the liver and from the kidneys, 
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and indirectly from other viscera and from the liind 
limbs. It receives the following veins ;— 
L The right and left hepatic veins: from the liver : 
these open into the veoa oava inferior just before 
it joins the sitius venosus. 
ii. The renal Teine : from the kidneje : of these there 
are four or five on each side which open into, or 
rather form by their union, the inferior vena cava. 
The most anterior of these receive the veins 
fi-om the fat bodies, 
iii. The ovarian veins (in the female), or spermatic 
veins {in the male) ; returaing blood from tl»e 
ovaries or testes. They are usually four or five 
in number on each side, and open into the vena 
cava inferior between the reiial veins. 

ZI, Vein opening into the Left Anricle. 

a. The pulmonaxy vein: formed by the union of the 
right and left pulmouary veins, returning to the heart 
the blood from the right and left lungs respectively. 
Each pulmonary vein runs along the inner side of its 






m. The Portal Systenu. 

A portal vein is one which, returning blood from the capil- 
laries of some part, breaks up bcforo reaching the heart into a, 
second set of capillaries within some other organ ; these again 
unite to form a vein which carries the blood to the heart. In 
the frog there are two portal systems, one supplying the Iddneys, 
and the other the liver. 

a. The renal portal ayatem. 

Trace back the anterior alidomiwd vein to the kindtr end of the 
body, w/iere it will be seen to be formed by the union of t/ie two 
pelvic vetna. FoUoto back the pelvic vein of the right nde to tiie 
hate of the hind limb; here it will be ieen to be one of two 
branches into which tlie femoral Vflin (the large vein returning 
blood frmt. the hind limb) divides. The otiier branch of the 
the roial portal vein, which is to be followed to 
outer eide of the kidney 
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1. The right renal portal vein: the dorsal branch of 

the right femoral vein : it runs forward along 
the outer side of the kidney and ends in numerous 
branches in its substance. It receives the follow- 
ing branches : — 

L The right sciatic vein: from the muscles and 
skin of the back of the thigh : it joins the 
renal portal vein close to its conmiencement, 
and before it reaches the kidney. 

il The right dorso-lnmbar veins: small veins 
from the dorsal wall of the body, and (in the 
female) from the oviduct: they join the 
renal portal vein opposite the kidney. 

2. The left renid portal vein : its course and branches 

correspond to those of the right vein. 

b. The hepatic portal system. 

Formed partly by the anterior abdominal vein, which brings 
to the liver blood from the hind-limbs; and partly by veins 
returning blood from the alimentary canal. 

1. The anterior abdominal vein: a median vein 

formed by the union of the two pelvic veins — ^the 
ventral branches of the femor^ veins. It runs 
up the middle line of the ventral body-wall to 
the level of the liver, where it leaves the body- 
wall and divides into right and left branches, 
which enter the right and left lobes of the liver 
respectively. During its course it receives the 
following veins : — 

i. Vesical veins: from the bladder. 

ii. Parietal veins : from the ventral body-walL 

iii. A cardiac vein': from a network of vessels on 
the truncus arteriosus. 

2. The hepatic portal vein: a wide vein which runs 

in the mesentery and joins the anterior abdo- 
minal vein at its point of division into right 
and left branches; giving off, before doing so, 
a branch to the left lobe of the liver. It 
carries to the liver the blood from the walls of 
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the alimentary canal, and is formed by the 
onion of the following veins : — 
I The gastric Teiu : from the BtDmai3h. 
ii. Intestinal veins: from the whole length of the 

intestines, both small and large. 
ill The splenic rein : from the spleen : usually 
joins one of the intestinal veins. 

C. Ibe ArterieB, 



1 




Fig. G. Diagrammatio Cgore of the arteiial sjatetn of Uie male bogt from 
tlie right Bide. 

(i,atomaab: b, noatril: e, small intestine : c.a, carotid arter; ! e.g, carotid 
gland: cm, offlliaco-mesecteric arter; : c.n, cntaceons actorj: d, large 
mtsBtinat d.a, doceal aorta: /, femor ; h, eplean: h,a, hepatic artery: 
i, right long: f.Qt lingoal artery: m, te^ia : o^ kidney: D.a, oocipito- 
VBrtobral artery! p.O, pnlmoniiry artery: r, pelvic girdle: s, ateranm: a.a, 
Enhdavian artery : s.c, Bciatic artery : t, tosgoe : t.a,trnticnB Brterioena : u.a, 
niTDOgenital arteries: v. ventricle: 1, cajYitid arch ; 2, eyatenuc arch: 3, 
polmo-cotAneonB arch. 

DUaect as for the veins. Pass a email cork or roll of paper 
down the wsopkagus, so as to distend it and stretch the aortic ari3i£s. 
Clean carefully the aortic arches, commencing at ike truneua 
arteriosus ,- and follow the several arteries to their distribution, 
removing the veins and other stmiclures when necessary. Ifote the 
division of the tnmcus arterios'us in front into right and left 
branches, each of which again divides into three aortic arches : — 
the carotid arch, the aystemic arch, and the polmo-cotaiieoiiB 
aioh. 
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I. The Carotid Arch (the third embryonio arch ; the two 
anterior ones disappearing in the adult) : the most anterior of 
the three persistent arches: it runs round the side of the 
oesophagus, and is connected above with the second or 
systemic arch: its chief branches are — 

1. The lingual artery: a small artery supplying the 

tongue. Immediately beyond the origin of the lingual 
artery there is a small spongy swelling, the carotid 
gland, on the carotid arch. 

2. The carotid artery : runs forward beneath the base of 

the skull, and divides into 

i. The external carotid artery : supplying the roof 
and sides of the buccal cavity, and the orbit. 

ii The internal carotid artery: which enters the 
skull and supplies the brain. 

II. The Systemic Arch (the fourth embryonic arch) : the 
middle arch of the three that persist in the adult. Runs some- 
what obliquely round the oesophagus to the dorsal surface, and 
unites with its fellow of the opposite side about the level of the 
anterior ends of the kidneys to form the dorsal aorta : near the 
posterior ends of the kidneys it again divides into the two 
iliac arteries. Its branches are : — 

a. Branches given off before the union of the two arches : 

1. The laryngeal artery: to the larynx. 

2. The (esophageal arteries : to the oesophagus. 

3. The ocdpito-vertebral artery: dividing into 

L The occipital artery: supplying the side of the 
head and jaws. 

ii The vertebral artery: a large artery which runs 
back alongside of and above the vertebral colunm, 
and gives off branches to the muscles of the body- 
wall and to the spinal cord. 

4. The subclaviaiL artery: arises from the arch immedi- 

ately behind the occipito-vertebral artery, and supplies 
the shoulder and fore-limb. 



1. The UBliaoo-meBenteTic artery : a large median artery 

arising immediately beyond the point of union of tlie 
two arches {or sometimes from the left arch, juBt 
before the union), and supplying the stomach and 
inteatinea, Its branches are : 
i. The cceliac artery; which divides into 

n. The gastric artery: supplying the stomach. 
p. The hepatic artery : supplying the liver and 
gall-bladder, 
ii. The mesBiiteric artery : which divides into 

a. The superior mesenteric artery ; supplying 

the upper part of the intestine. 
fi. The inferior mesenteric artery: supplying 

the lower part of the intestine, 
y. The Splenic artery : supplying the spleen, 

2. The nrinogenital arteries : from four to six small 

arteries which arise from the ventral surface of the 
aoi-ta between the kidneys, and immediately divide 
into right and left branches, supplying the kidneys, 
the reproductive organs and ducts, and the fat 
bodies. 

3. The iTonhar arteries : small paired lateral branches 

supplying the body- walls. 

4. The h»morrlloidal axtery: a small median artery 

arising Irom the lower end of the aorta, and supplying 
the large intestine. 
C. Branches formed by the division of the aorta : — 

1. The iliac arteries: two large arteries formed by the 
division of the aorta, and supplying the hind-limbs. 
Each gives off a hypogastric artery, which supplies 
the bladder, giving epigastric branches to the ventral 
body-wall, and then continues as the sciatic artery 
down the leg, giving nff branches to the muscles and 
skin of the thigh, and dividing at the knee into 
peroneal and tibial arteries supplying the leg and foot. 
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III, The Pnlmo-cntaneons Arch (the fifth embryonic arch) ;■ 
the hindmost of the three persiateut archeB: it divide* J 
about the level of the carotid gland into ; — 

1. The cutaseoos artery: a large artery which at first] 

runs forwards aod upwards and then turns backwards, j 
supplying the skin of the baek along the whole length ] 
of the body, and sending smaller branches to the sidesfl 
of the bead and the akin of the ventral surface. 

2. The pulmonary artery; runs in a somewhat ainuoui 

manner along tho outer side of the whole length ofl 
the lung, giving o£f branches into its substance. 

D, The StnLctnre of the Heart, 
CSP 
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BM to show its stroohire. Tlie Yentral walls of the tninonf arterioBoi. and of 
the aurides and ventriole have been removed. (From a drawing by Mr. 
Hnrst.) 

A, anrionlo-ventrionlar aperture and valve: B, aperture leading from 
ventriole to tronooB arteriosna, with iti valve : O, Ic^ carotid aroh : C, stvle 
passed down right oarotid aroh into the tmncus arteriosus : LA, left auriole : 
P, 1^ pulmo-outaneous aroh : P'P', style passed down right pulmo-outaneous 
arch into the truncus arteriosus : PV, owning of pulmonary vein into left 
aaride : RA, right auriole t 8, left s^rstemic aron : 8', style passed down right 
systemic arch into the truncus arteriosus : 8V, opening from sinus venosus 
into right auricle : V, ventricle. 

Saving completed the dissection of the blood vessels, remove the 
heart completely, and dissect it carefvlly under water so as to dis- 
play its structure mme fully, 

a. Cut open the ventricle from the ventral surface: note its 

thick spongy walls, and the small size of its central cavity, 

b. Pom a seeker from the ventricle 

i. Into the truncus arteriosus, 

ii. Into the right and left auricles, 

C. Open the auricles from the ventral surface ; wash out the 

contained blood, and note the very thin inter-aurictUar 

septum dividing the right and left auricles from, one 
another, 

cL Open the sinus venosus, and pass a seeker from it into the 
right auricle, 

e» Tra^e carefully the pulmxynary vein, and see its opening into 
the left auricle, 

f. Cut away the ventral wall of the truncus arteriosus with fine 

scissors, to see the valves in its interior, 

g. Cut across the aortic arches just beyond the division of the 

truncus into right and left branches, and note that though 
each branch is apparently a single vessel, its internal 
cavity is really divided into three vessels corresponding to 
the three aortic arches. Pass bristles down these aortic 
arches, and note the points at which they severally open 
into the truncus arteriosus. 
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E. Mierofoopic Kramlnatiim of Blood. 

L Frog's Blood. 

1. Hormal. 

Place on a slide a small d/rop of blood from the heart oj a frog: 
dilute it with a d/rop of normal salt solution (0*75 per cent) : put 
on a thin coverglass and. run a ring of oil round the edge to pre- 
vent evaporation : examine vjith high power ^ and note : — 

The blood corpuscles floating in the colourless liquor 
sa gninis or plasma. The corpuscles are of two 
kinds. 

i. Bed corpuscles : very numerous: pale reddish 
or yellowish red colour : flattened oval shape, 
with rounded edges and a central bulging — the 
nndeiis. The flattened shape is best seen when 
a corpuscle turns edgeways. Size T?>\)7y x ry^nr 
of an incL 

ii. White corpuscles : much fewer in number and of 
smaller size : colourless : granular : subspherical 
in shape: exhibiting "amoeboid" movements. 
Sketch one half a dozen times at intervals of half 
a minute, 

2. Action of acetic add on blood. 

Place a fresh drop of blood on a clean slide : add a drop of 
acetic add : cover ^ and examine with high power : note the changes 
produced: — 

i. Bed corpuscles : the nuclei become much more 
apparent than before : the red colour disappears. 

ii. White corpuscles : become clearer : show nuclei, 
sometimes more than one in a single corpuscle. 

II. Human Blood. 
1. Hormal, 

Prick the tip of your finger and place a small drop of the blood 
on a. slide : add a drop of normal salt solution, cover, and 
examine as before. Note : — 

i. Bed corpuscles: much smaller than in frog's 
blood : in form of circular biconcave discs with 
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rounded edges, but no nudeL Note the tendency 
of the red corpuscles to run together into 
rouleaux, like piles of coins. Average diameter 
about y^V? of an inch. 

ii White ooipusdes: much as in frog: slightly 
larger than the red corpuscles, averaging about 
viW of an inch in diameter; amoeboid move- 
ments not well seen unless the slide is warmed. 

2. Action of acetic add. 

Treai with acetic acid as before : note that unlike the frog's 
no nuclei are visible in the red corpuscles. 

F. Circulation of the Blood in the Web of a Frog's Foot. 

The Web uniting together the toes of the frog's foot is so 
thin and transparent, Uiat with the microscope the blood can 
readily be seen coursing along the capillaries. 

Examine a frog prepared to show the circulation in the weh of 
the foot, Note : 

1. With a low power : 

a. The irregularly branched pigment cells to which the 

colour of the frog's skin is due. 

b. The fine meshwork of bloodvessels along which the 

blood can be seen flowing. These bloodvessels are 
of three kinds : — 

i. The arteries : carrying blood to the web : distin- 
guished by the fact that when they divide the 
direction of flow of the blood is from the larger 
trunk to its branches. 

ii. The capillaries: a close network of very small, 
very thin-walled vessels, along which the blood 
flows from the arteries to the veins. 

iii The veins : carrying the blood away from the web 
back towards the heart: distinguished from 
arteries by the fact that the blood flows from 
smaller to larger vessels. 

2 With a high power : note the following points : 

a. The walls of the arteries and veins ; much thicker than 
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those of the capillaries, which latter are often difficult 
to see. 

b« The tendency of the white corpuscles to creep along the 
sides of the vessels, while the red corpuscles rush far 
more rapidly along the middle of the stream : seen 
best in the small arteries. 

€• The variations in calibre of the small arteries and 
capillaries : whilst under observation an artery or 
capillary may be seen to change its size to a consider- 
able extent. 

d. The indefinite character of the capillary circulation. 

Owing to changes of size in adjacent vessels, the 
direction of flow of the blood in a given capillary may 
become reversed. 

e. The elasticity of the red corpuscles : seen best when 

they are turning the comers of the capillary network 

f. The tendency of the white corpuscles to migrate through 

the walls of the capillaries into the tissues outside. 
This is much increased by the application of some 
irritant substance, as a drop of weak acid, to the web. 



r 
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Chap. iii.-eli;mentaiit histoloqt. 

When examined under the microscope all the different tissues 
and organs of the body are found to consist of elementary bodies 
callod cells, and of aa intercellular subBtance cotmecting the 
several cells together. These cells, of which a white blood 
corpuscle is a typical example, vary much in shape, size, and 
structure in differeut tissues, but are to be considered as 
fundamentally equivalent to one another. The intercellular 
Bubstance variea very much in quantity ; it may be almost 
absent, so that the several cells are practically in contact with 
one another ; or may be so abundant aa to separate them widely ; 
it is to be viewed as formed by the celb, and therefore aa 
secondary in importance to them. 

A. Epithelium. 

Epithelium consists of cells placed side by side so as to foi-m 
layers, which cover the siu'face of the body (epidermis) and line 
the alimentary canal and the various internal cavities of the 
body. At the external apertures of the body the epidermis 
becomes directly continuous with the epithelial lining of the 
internal cavities. 

The layers may be one or more cells in thickness : in the 
former case the epithelium is said to be simple, in the latter 
stratified. 

Epithelium is of different kinds, according to the shape and 
structure of its component cells. 

I. Squamous Epitbelium : the component cells ai'e flattened 
parallel to the surface thoy cover : if the epithelium is stratified 
the flattening ia moat inarked in the moat superficial cells. 
a. Isolated cells. 
Scrape geatlff the imide of your cA^^i witJt the handle of a 
scalpel, and put the scrapings on a slide ; cover and examine with 
a high power: draw, showing: — 

i. Sliape: large flattened scale-like cells, often slightly 

curled up at the edges. 
. The auolens ; oval and granular ; near the middle 
of the cell : rendered more distinct by acetic acid 
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b. Cells in sita: cast skin of newt 

Take a tmaU piece of the prepared specimeiiy which ha» been 
stained in hoBmatoxylwiy and then, after treatment mth alcohol, 
cleared with creosote and turpentine. Mount the specimen in 
balsam ; cover, and examine with high power : note 

L Blattened cells fitted together at their edges to 
form a continuous layer. Each cell has a large 
nucleus near its centre. 

II. Colnmnar epithelium : Consists of elongated rodlike cells 
placed vertically to the surface on which they rest. If the 
epithelium is stratified the columnar character is most marked 
in the most superficial cells. 

a. Isolated cells : From small intestine of firog : isolated 

by maceration for 24 hours in Ranvier's alcohol, and 
stained with picro-carmine. 
Mount a sfmall drop of the prepared specimen in glycerine : paint 
a ring of cement round the coverglass ; and examine with high 
power: note: — 

i. The coliminar shape of the cells : their nuclei. The 
cells often remain side by side in little groups. 

b. Cells in situ. 

Take prepared section of stomach of dog which has been stained 
and then cleared in creosote and turpentine. Mount in balsam 
and examine with high power : note : — 

1. The superficial layer of long narrow columnar cells 
packed together side by side; with nuclei at 
their inner or deeper ends. 

III. Ciliated epithelium: the cells, which are usually columnar, 
bear at their free ends tufts of exceedingly fine hair-like 
processes — cilia — ^whioh, when living, exhibit active lashing 
movements. 

a. Isolated cells. From trachea of rabbit : isolated by 
maceration for 24 hours in Eanvier's alcohol ; stained 
with picro-carmine, and scraped into glycerine. 

Mount a small drop of the prepared spedmefi in glycerine : paint 
a ring of cem^ent round the coverglass ; examine with high power, 
and note: — 

i. The shape of their cells : their nuclei ; and the tuft 
of cilia at one end. 
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E GLANDS, 

nflitu; ciliary movement. 
~...j, -J, „ ..jiall piece of the epithdium from a freshly Utled 
frog, either froTo, the tongue or from the roof of ike mouth near 
the eyAcUl : mount in normal salt solution, aitd add a small drop 
of gamboge water to render the movements more dearly visible : 
examine with high pmoer ; note : — 

L The currenta due to the ciliary motion, 
ii. The movemeata of the individual cilia ; best seoa 

■ wheu the specimen ia beginning to die, and the 

movements to slacken in speed. 
rV. Stratified epithelinm : cells arranged iu several layers. 
Take -prepared section of oss/^hagus of rabbit, or of eor^anctiva 
of rabbit or pig, which hdi been hardsMd in chromic acid, stained, 
and cleared in ereoeote and turpentme. Mount m balsam, examine 
^^^Oh, high power, and note : — 
^^^k i. The Btratihcatiou of the epithelium. 

^^H it The trausition from the deeper spherical or colum- 

^^^H nar cells to the auperfiuial squamous cells. 

^» A 



B. Glands. 



A glsnd consists essentially of a layer of epithelial cells 
secreting some special fluid. The epithelial surface may be 
flat, but is more usually folded, often in a very complicated 
manner, in order to increase the extent of the secreting surface. 

^R, Simple OlandB. In simple glands the epithelial surface 
is increased by simple pit-lilte depressions, whose moutiis 
serve to discharge the secretion on the free surface. 
Take pr^ared section of large intestine of rabbit which has 
been harden^ in chromic add, stained, and chared in creosote 
and turpentine. Mount in balsam, and examine first with low 
; then with high. Note: — 

i. The shape of the glands : simple tubular depressions 

of the surface. 
iL The characters of the glandular epithelium lining 
the pita : a single layer of short columnar granu- 
lar cells. 
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b. Compound glands. In compound glands each depression 

instead of being a simple pit is itself subdivided or 
branched, often in a very complicated manner. There 
are two chief varieties : (1) tubular glands, in which 
the several sub-divisions are tubular, and of tolerably 
uniform diameter throughout : and (2) racemose glands, 
in which the ends of the pits are dilated into globular 
chambers or alveoli, to which the special glandular 
epithelium is usually confined. 

Compound tubular glands. Take prepared section of 
kidney of frog : mount in balsam, and examine mth 
both low and high powers. Note : — 

I The tubular gland-cavities, cut at various angles. 
If cut transversely a tube wiU appear as a 
circular ring : if cut obliquely as a more or less 
elongated elliptical ring: if cut longitudinally 
as two parallel rows of epithelial cells. 
iL The characters of the gUuid cells: a single layer 

of cubical granular cells, 
iii. The Malp^Man bodies: spherical dilatations on 
the tubes, into which project little knots of 
capillary bloodvessels. Their structure is most 
readily made out in specimens in which the 
bloodvessels have been injected with a coloured 
substance to make them more distinct 

c. Olands of stomacL 

The glands of the stomach are well adapted for a more 
minute examination of the histology of glands. 

Examine again with a high power the section of cardiac end of 
dog's stomach already used for columnar epithelium : note: — 

1 . Characters of the glands : tubular glands, either simple 

or very slightly branched. 

2. Characters of the gland cells : three distinct kinds of 

cells. 

i. Columnar cells: arranged in a somewhat radiate 

manner round the mouths of the glands, 
ii. Cubic cells ; or peptic cells : lining the deeper parts 
of the glands : cubical granular cells with cen- 
trally placed nuclei. 
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Oroid cells : large oval cells with large nuclei : the; 
are leas niimeroua than tlie other two forms, and 
occur most abundantly a short way below the 
mouths of the glands : they are said to secrete 
the acid of the gastric juice. 

C, UaBcle. 



r 

^^^P In muscular tissue the componeut cells are much elongated 
^^^and, in the higher forms, very greatly modified. Muscular 
tissue is of two kinds : (1) striated, or Toluntaryi of which all 
muscles that are under the control of the will consist : and (2) 
noiL-atriatfld, or mToltUttary; forming those muscles over whose 
contractions the will has no direct control. The muscular tissue 
of the heart, which though iuvoluntaiy is striated, forms the 
chief exception to this rule. 

Z. Striated, or Tolimtar; mtiBcle, 

a. Crah's muscle. Teeue m glycerine a email piece of crab's 
jnuscte that has been hardened in alcohol ; cover, and 
examine with both low and high povxi-i : note: — 
i. The elongated fibres of which the muscle consists. 

Each fibre is a single cell, and is enclosed in a 
delicate sheath- — the aarcolenmia — which wOl be 
visible in but few cases ; it is most readily seen at 
places where the fibre has been torn across, 
ii, The alternate light and dark bands with which the 
muscle fibres are marked transversely, and flrom 
which the name striated muscle is derived, 
iii. The readiness with which the fibres split up longi- 
tudimdly into fibrils i 

b. Frog's mnscle. Tease gently apiece of fresh frog's miacle 
in normal salt sotwtion, cover, and examine with high 
power : note 

i, The transverse striatiom. 
ii. The sarcoleiuma : beat seen by slightly crushing 

the specimen. 
iii. The nuclei in the fibres : seen on addition of 
acetic acid. 
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n. Non-striated, or involuntary mnsde. 

Take spedmen of frog's bladder prepared by maceration in 
Ranvier^s alcohol for 24 hours^ and removal of the epithelium of 
the inner smfa/^e by pencilling with a fine brush : stained^ and 
cleared toith creosote and turpentine. Mount in balsam^ and 
examine with low and high powers : note : — 

L The bands of muscular fibre. 

ii The formation of each band by a number of 
elongated, fusiform, nucleated muscle-cells. 

ill. The absence of transverse striation in the muscle. 

D. Connective Tissues. 

Under the name "connective tissue" are included various 
tissues whose functions are mainly passive, and which serve to 
support, strengthen, and bind together the various organs and 
parts of the body. Histologically the connective tissues consist 
of elements of four kinds, imited together in very varying propor- 
tions in different situations : (1) white fibrous tissue ; (2) yellow 
elastic tissue ; (3) connective tissue corpuscles, which are com- 
paratively little altered cells, usually branched ; and (4) ground 
substance, or intercellular siibstance. 

I. White fibrous tissue. Consists of a number of fine trans- 
parent fibres of a more or less cylindrical shape, and with 
a very characteristic wavy outline. The fibres are 
usually arranged side by side in bundles, and each fibre 
presents a number of longitudinal fibrillar striations. 
The cellular character of white fibrous tissue is difficult 
to recognise; but each fibre is formed from a single 
fusiform cell of which the nucleus disappears during 
development 

a. Tendon of rat's tail : pull out a small piece of tendon 
from the tail of a rat : place it on a slide in a drop of 
normal salt solution : spread it out with needles, cover 
and examine with high and low powers : note 

L fibres ; with wavy outhnes. 

ii, fibrillsB: longitudinal wavy striations within the 
fibres. 
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Add a drop of acetic add to tlie preparation : note that 
ill The fibres swell up and become transparent, 
iv. fiowa of connective tisBue corpuaclea with nuclei 
become visible between the fibres. 
b. Isolated fibres and flbrilln: taie a mall piece of tendon 
that has bfen ■macerated for 24 lioun in hari/ta water or 
piwic ae^ to dissolve the cementing ground ivbstance : 
tease it in a drop of glycenne : cover and examine viith 
high power: note: — 
i. Isolated fibres ond fibrillte. 

n. Yellow elaBtic tissue. Consists of fine branched homo- 
geneoiia fibres, with great power of I'esiating chemical 
reagents : the fibres are formed from branched cells 
which lose tlieir nuclei completely during development. 
L. Li^ameataill STIoIiib of OZ : tease finely a small shred in 
water : examine with low and high powers : note : — 
i. The bninching fibres, with very sharp outlines, 
ii. The tendency of the branches to aiiastomoae with 

one another and so form networks, 
iii. The tendency of the fibres and branches to curl up 
at their broken ends. 
Adda drop of acetic acid: note that 

iv. No alteration whatever is produced in the fibres. 
V. No nuclei appear. 

n. Areolar tissue : a meahwork composed of both white 
fibrous and elastic tissues. 
a. SubcutaaeouB tissue of mammal : Take a freshly hilled 
rat, and snip of a small piece of (/le loose Jibrona tissue 
which connects t}ie sHn with the subjacent parts : spread 
itona slide: add a drop of normal salt solntton: cover, 
and examine with low and high poieers : note 
i. Meahwork composed of white fibrous tissue with 
wavy outhnesj mingled with which are branched 
elaetie fibres. 
Add acetic acid : note tJuit 

ii, The white fibrous tissue swells up and becomes 
transparent. 
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iii. The elastic tissue is unaltered. 

iv. Connective tissue corpuscles with nuclei become 
visible. 

IV. Adipose tissue. Consists of a network of vascular con- 
nective tissue, in the meshes of which are fat cells, t.e., 
connective tissue corpuscles in which large quantities of 
fatty matter have accumulated. 

a. Omentiim of rabbit or kitten: mount a small piece of 

fresh omentum in normal salt solution ; examine wiih 
low and high powers : note : — 

i. The vascular connective tissue meshwork, in which 
lie the 

il Eat cells: large spherical, or from mutual 
pressure, polyhedral, cells : distended with fatty 
ma^tter, and with nucleus at one side. 

b. Osmic acid specimen. 

Note the reduction of the osmic acid by the fat, Virhich 
becomes stained a dark brown or black colour. 

E. Cartilage. 

In cartilage or gristle the intercellular substance, which in 
most other tissues is only present in small quantity, is greatly 
increased so as often to far exceed in bulk the cells which it 
connects together. The intercellular substance forms a dense 
translucent matrix resembling an extremely stiff jelly, in which 
are imbedded the cartilage cells, either singly or in groups. In 
young cartilage the intercellular substance is much less 
abundant, and the cells consequently closer together than in 
older or more mature specimens. 

I. Hyaline cartilage. Take a small piece of cartilage 
from the shoulder girdle of a newt : scrape away genUy 
any muscle or other tisme that may adhere to it: mount 
in normal salt solution^ and examine with low and high 
powers: note: — 

i The intercellular matrix: hyaHne or faintly 
granular. 
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"he cartilage cells : imbedded ia the matiii : 
eaoh cell nucleated, and occupying a cavity or 
lacuna in the matrix. In places the cells are m 
groups of twos or fours owing to recent division. 
specimen tkorougldy in water: stain mt!i luema- 
loxyivii, ana mount as a permanent preparation in glycerine : 
examine jeilh high power, and note that 

iii The cell nuclei are stained deeply, and the matrix 

I. very slightly : the layer of matrix immediately 
surrounding each cell^the capBUle — staius moro 
deeply than the other parta. 
n. Articular cartilage. Forms capa covering the ends of 
those bones which fit together to form moveable joints t 
these caps act as elastic cushions to breali the force 
of shockfl. 
Mmtnt in haUam prepared eeciion of artieidar eartilaffe from 
the head of the femur, Ae eection being made perpendicular to the 
articular surface : examine mth low and high powers ; note ; — 

Ii. The matrix : hyaline or faintly granular. 
iL The cartilage cells. Towards the free surface the 
celts and cell groups become gradually flattened 
aad arranged parallel to the surface. 
P. Bone. 
Bone consists of a dense fibrillar intercellular matrix, iu 
which are imbedded cells which lie in cavities connected with 
one another by fine branchiug canals. The matrix ie richly 
impregnated with morganio salts, chiefly phosphate and car- 
bonate of lime, which form about two-thirds by weight of the 
substance of the bone and give it its great hardness and atreugth. 
The matrix, with its contained bone-cells, is arranged in con- 
centric layers or lamellfe, formed in succession one within 
another around central canals io which ho the bloodvessels, 
which penetrate the bone in great numbers, A bloodvessel 
with its siu'rounding layers of nmti'ix and cells is spoken of as a 
Haversian system. 

1, Hxamine mith both low and high powers prepared trans- 
verse sections of a long bone : note ; — 
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L The Havendan systems: concentrio layers sur- 
rounding the Haversian canals. 

11 Incomplete Haversian systems: filling up the 
spaces between the complete systems. These 
are the remains of systems which were formerly 
complete but have been removed in part by the 
process of absorption which is continually going 
on in bone. 

ill The lacnnsD : or spaces in the matrix in which the 
bone cells lie. 

iv. The canalicnli: very fine branching canals connect- 
ing the lacunae together: probably occupied 
while the bone is living by branching processes 
of the bone-cells. 

V. The large central medullary cavity of the bone : 
occupied during life by the marrow, which 
consists of adipose tissue, with very numerous 
bloodvessels and large nucleated reddish coloured 
marrow cells. 

vi. The peripheral or circnmferential lamellsB : form- 
ing the most superficial layer of the bone : a 
series of concentric lamellae parallel to the 
surface. 

vii. The perimedullary lamellsB: a series of concentric 
lamellae lining the central medullary cavity of 
the bone. 



OF THB FROG, 



Chap. IV.-TEE SKELETON OF THE FSOQ. 

The skeleton, which forma the hard interual parts of the frog, 
is composed partly of cartilage and partly of bone. It forma a 
framework giving definite shape to the body, and preciaion to 
the movements; and serves alao to protect from injury some of 
the more important and delicate organs, notably the central 
nervous system, the aenae oi^ans, aud the heart In the early 
atagGB of its development the skeleton consists entirely of 
oartUage : in the adult this primaiy cartilaginous skeleton is 
replaced to a greater or less estent by bone. Bone may aJao be 
developed in places where there waa no pre-esisting cartilt^, 
and is then called membiane bone, in contradiatinction to the 
former kind, or cartil^e bone, which replaces cartOage. 
Membrane bones arise in the firat instance as ossificationa in the 
dermis or deeper layer of the akin ; in many fiah they retain 
thia primitive position, but in the frog and moat higher verte- 
brates they sink below the akin and graft themselves on to the 
more deeply placed cartilaginous skeleton. Cartilage may alao 
become calcified, i.e., have calcareouB aalts deposited in ita 
matrix, without in any way taking on the character of true bono. 

The skeleton may be conveniently dii-ided into (1) the axial 
portion, including the skull and the vertebral column : and 
(2) the appendionlai portion, including the limba and the 
limb-girdlea which attach them to the body, 

Examine the prepared skeletons and make careful drawings to 
Kale of tlie severai parts. Colour, in your drawings, the cartilage 
blue, the eartOage bones yellow, and the membrajie bones white or 
red. Prepare skeletons for powself by soaking the parts in hot 
water, and carefully brushing aimy the soft tissues until the 
tkelelon is clean. 




Fig. 7. The s^leton of fhe Frog, seeu fram the dorsal snrfiica : the left 
EapmscupoU and ecaimla bavo been lomoved. 

a, BBtragalnB : c, calcEiDenm : d, Bupiascapula : e, oxoccipitnl : /, femur: 
fp, frontopBiFietal : g, mBtacivrpale : 'i, humeroB ; i, ilimn : h, metatanala ; 
£, oarpuB : m, luBiilk: n, naail : o,pCD-Otic : ji, pterygoid : Jmi, pramaailla: 
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IH£ VEBTEBBAL 



A. The Axial Skeleton. 



X. The vertebral colnnm or " baclc bone." A bony tubo 
which surrounda and protects the epinal cord: divisible into 
an anterior part which is divided transversely into iiine 
rings or vertebrae, and a posterior unsegniented portion of about 
equal length — the orostyle. At the sides of the tube between 
the successive vertebrse arc the intervertebral foramina through 
which the norvea pass out from the spinal cord to the various 
parts of the body. 

a. Stmctnre of a vertebra, Examine one of the vei-tebrm, 
iay the third, more closely : draw it, ihmving ; — 
i. Its ring-like shnpe : the central neural canal in 

which the spinal cord lies. 
iL The centrum or body ; the thiukened ventral por- 
tion of the ring : it articulates with the centra of 
the vertebtie in front of and behind it ; and forms 
the fioor of the neural canal. 
iii. The neural arch: the lateral and dorsal portions 
of the ring : forming tbe sides and roof of the 
neural canal, 
iv. Tbe apinona proceea or nenrapopliyBis: a small 
blunt median process projecting upwards and 
backwards from tbe top of the neural arch. 
V. The transverse processes : a pair of largo lateral 
processes projecting borizoutally outwards from 
the sides of the neural arch. 
vi. The articular processes or zy^apopbysee ; on tbe 
anterior and posterior borders of the neural arch : 
they articulate with correHponding processes on 
the vertebrEB in front and behind, and so serve 
to link the vertebrse together. 

a. The anterior articular processes or pnezy- 
gapopbysea : look upwards and slightly 

0, Tbe posterior articnlar processes or post< 
zygapophyses : look downwai-ds and slightly 
outwards. 
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b. Peculiar vertebr». 



i. The atlas or first vertebra: articulates iu front 
with the posterior end of the skull: has no 
transverse processes. Note the large gap on the 
dorsal surface between the skull and the neural 
arch of the atlas : through this gap, which is 
closed by the strong occipito-atlaiital membrane^ 
the central nervous system is divided and des- 
troyed in the operation of pithing a frog. 

ii. The sacrum: the ninth vertebra; has very stout 
backwardly directed transverse processes, which 
support at their outer ends the pelvic arch. 

c. The urostyle. The unsegmented posterior portion of 
the vertebral columu ; probably equivalent to two or 
more vertebrae fused together. It articulates in front 
with the body of the sacral vertebra by two surfaces. 
Along its dorsal surface runs a prominent vertical 
ridge, highest in front and gradually diminishing 
posteriorly : the neural canal is continued down the 
anterior part of this ridge. At the sides of the 
urostyle, and about the length of a vertebra fix)m its 
anterior end, are a pair of small holes through which 
nerves pass out, and which therefore correspond to 
inter- vertebral foramina. 



II. The skull. Consists of (1) an axial portion, the 
cranium proper, enclosing the brain and forming an anterior 
continuation of the vertebral column : (2) the olfactory capsules 
and the auditory capsules, which are fused with the anterior 
and posterior ends of the cranium respectively : (3) the bony 
framework of the jaws, and the hyoid apparatus. 

In the skull the original cartilage is not so largely replaced 
by bone as in the vertebral column, large tracts of unossified 
cartilage persisting in the adult. Besides the cartilage bones 
the skull is further strengthened by the addition of numerous 
membrane bones. 



^^B. The orani 

^^^f tube wh 
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The OTaninm proper. An unaegmonted cartilaginous 
tube whoBe cavity foiiuB the anterior part of the 
neural caual and lodges the brain. The roof of the 
tube ia imperfect, there being one large anterior 
fontanelle, and two Bmallcr posterior fontanelles, 
which ai-e closed by membrane only. In the cartilage 
are developed cartilage boDca, and around it membrane 



To gladi/ the cranium satisfactorily, the membrane bones should 
be sljipped from one of the tkulU you have prepared as directed 

L Cartilage boneB of cranium proper. 

i. The esoccipitals ; two irregular bony masses at the 
aides of the posterior end of the skull. Tboy 
almost completely surround the foramen magnnm 
or entrance to the cranial cavity ; and bear on 
their posterior surfaces the occipital condyles, 
two oval convex processes which articulate with 
the first vertebra or atlas. 

ii. The Bphenethmoid or girdle-bone : a bony tube 
which encircles the anterior end of the cranial 
cavity, and extends forwards into the olfactory 
region ; in front it is divided by a vertical partition 
into right and left cavities, in which lie the 
olfactory oervea. 

' b. Hembrane bones of craninm nroper. 

i. The fronto-parietals : two long flat bones on the top 
of the brain-ease ; covering the fontanelles, and 
overlapping the hinder end of the sphenethmoid. 

ii The parasphenoid : a J_ shaped bone on the ventral 
surface of the cranium : its lateral proceaaes 
underlying the auditory capsulps. 
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Fig. 8, The frog's skull, from the VButraJ Bniface. 
a, pB,rB«plienoid : c, colnmella : e, exoccipitiJ : f.p, frontoparietal : m, 

maxilliL: 51, vomer i 0. pro-otic: p, pte'"""""'^ ■ "" ^-'■•^ — ■ — .■*i^ ^ 

J, qnadratojngal : 

2. The sense capsules : cartilRginouH and bony capsules 
which surrouud and protect the olfactory and auditory 
ot^ans ; and are fused with the cranium proper ao 
as to form parts of the skull. 

a. The anditoiy capsules are fused with the sides 

poaterior end of the cranium, to which they form 
wing-like projectiona : they conaist largely of ciuttlage. 

a. Cartilage Bodcs of anditorr capsules. 

i. The pro-otios: a pair of irregular shaped bones in 
the auterior wajla of the capsules, and forming 
also parts of their roof and floor. 

b. The olfactory oapsules ai'c fused with the anterior eud 

of the cranium, and also with one another. They 
consist very largely of cartilage, which is produced in 
front mto the thinal processes. 

a Cartilage bones of olfactory capsules. The spheaetli- 
moid aa already noticed extends forwards so as to 
invade the olfactory region, but does not properly 
belong to the olfactory capsules. 



. Kembrane bones of ol&otoiy capaoles. 

i. The natala: two triangular bones on the dorsnl 
surface of the anterior eud of the heaxl ; the bases 
of the triangles are turned towards the middle 
line and meet one another in front, while their 
posterior ends diverge from one another and 
enclose, with the anterior euds of the fronto- 
parietals, a diamond shaped patch in wiiioh the 
sphenethmoid is yiaible from the dorsal surface. 

il The TOmers : two triradiate bonea on the ventral 
surface of the fore part of the head : each vomer 
bears at ita inner and posterior angle a small 
group of pointed teeth, and forms the inner bound- 
ary of the posterior narial opening of its sido. 




I 



Fig. 9. The fi'og'a Bb:ill frQni tlio right aide. 
A, pataapliBnoid : AB, angoloaiilenial : B, anterior conra of b^oiil : O, 
oolnmelia: D, deatary: E, eioccipital i F, nostril; FP, f rontopanetal : H, 
■body of hyoid ; L, upertnre for erit of opiao nerra : M. nittiilU, : MM, monto- 
meoWelian ; M', aperture foe exit of fifth and Boventh nerves ; N. niiBal ! O, 
pro-otio : P, pterygoid : PM, premanlla ; Q, qoadratojagsl : R. apertora for 
eiit of ninth and t^th nerves : 8, BgnamosaT; 8E, Bphenetbmoid : ~ 
of hyoid. 






8. The jaws: consist of two cartilaginous archea on each 
side, maxillary and mandibular, in connection with 
which cartilage and membrane bonea are developed. 
Each arch meets and fuses with ita fellow in the middle 
line in front ; and the maxillary archea, forming the 
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Upper jaw, are firmly connected with the cranium by 
anterior and posterior bony struts. 

a. The maxillary arch. 

a. Cartilagre bones of maxillary arch. 

L The pterygoid : a large triradiate bone, the inner 
limb of which is connected with the auditory 
capsule ; while the posterior limb runs back to 
the angle of the mouth, and the anterior limb 
forwards along the upper jaw to the palatine 
bone. 

ii. The palatine: a slender transverse bone connecting 
the upper jaw with the anterior end of the 
sphenethmoid. 

iii. The qnadratojngal: a short bone forming the 
posterior part of the margin of the upper jaw. 

j3. Membrane bones of maxillary arch. 

i. The maxilla: a long thin bone forming the greater 
part of the margin of the upper jaw : it bears 
teeth along its whole length which are anchylosed 
with the bone. It is connected behind with the 
quadratojugal ; about the middle of its length 
with the anterior limb of the pterygoid and with 
the palatine ; and in front with the premaxilla. 

ii. The premaxilla: a small bone which meets its 
fellow in the middle line in front, and so com- 
pletes the margin of the upper jaw : like the 
maxilla it bears teeth. It gives off on its dorsal 
surface a backwardly projecting process which 
forms part of the inner boundary of the nostril 

b. The mandibular arch: the upper part of the arch 

remains unossified as the quadrate cartilage, which 
forms the snspensorinm, ^.e., serves to connect the 
lower jaw with the skulL It is a rod of cartilage 
which is fused above with the auditory capsule, and 
runs downwards and backwards to the angle of the 
mouth, where it is connected with the hinder end of 
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qiiadratojugal bone, Tlio lower part of the arch also 
persists in part unoasified as Ueckel'B cartilage, which 
forme the base of the lower jaw, but is enaheathed by 
cartilage and membrane bones. 

I. Cartilage bones of mandibular arcb. 

I The angnlosplenial ; ensheaths the inner and lower 
surfaces of Meckel's cartilage along the greater 
part of its length ; near its hinder end it Is 
produced upwards into the coronary process, 
ii. The mentomeckelian ; a small ossification in 
Meckel's cartilage at the symphysis, i.e., the 
union of the arches of the two sides at the chiu. 

I. Membrane bonei of mandibular arch. 

i. The squamosal: a T shaped bone, the body of 
which is closely apphed to the outer surface of the 
quadrate cartilage. The posterior limb of the T 
is attached to the outer surface of the auditory 
capsule, and with, the body of the squamosal 
helps to support tho tympanic cartilage, a ring 
of cartilage surrounding the tympanic membrane, 
ii. The dentary : a flat bone coyering the outer surface 
of the distal half of Meckel's cartilage, as far 
forward as the mentomeckelian bone, 

K4- The hyoid apparatus (fig. 9). Consists of the hyoidean 
arch and the remains of the branchial arches of the two 
aides, together with a median ventral plate — the body 
of the hyoid — which unites their lower ends together, 
and lies in the floor of the mouth. The hyoid appara- 
tus consists almost entirely of cartilage. 

a. The hyoid aroh. 

i. The columella {figs. 9 and 10) : the top of the 
hyoid arch : forms a small rod, partly bone and 
partly cartilage, the inner end of which is in- 
serted into the fenestra ovaliB — an apertui-e in 
the outer wall of the auditory capsule — , while 
the outer end is attached to the tympanic 
membrane rather above its middle. 
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Tig. 10. A. tniDBTerse aeotion aoroea flie pDEtarior part of the Fng'a head, 
to Bhowflie poutioD and rela.UoDB of the auditoi^ organs, Eoatoahiau tnbea, 
and hyoid apparatus. On the right ude the aeotion paaeae throngh the tTm- 
panio caritr and the oolnmella ; on the left eide through the anterior ooma 
of the hjoid. The cartilage is dot^d, and the bones represented black. 

A, paiuspbenoid : AS, aagnloeplenial : B, bnccal caiit; ; O, colnmella ; D, 
tympanio membrane : E, Eustaohion tube : F, anterior oornn of the hyoid : 
FP, frontoparietal ; O, glottis : H, arytenoid cartilage : I, posterior comn of 
hyoid : K, auditor; nerve : L, YBstiWe : M, anterior vertiml aemioironlar 
oanal ; N, borizoDtal eemicircaloi' oanal i O, pro-otia : P, pterygoid : Q, qnad- 
late onrtilage : R, cniadratojngal : 8, sqnamosal : T, t^jmpamo oartdlage : V, 
TOcal cord ; X, mid-brun. 

ii. The aoterior comu of tlie hyoid: a long Blender 
curved rod of cartilage : attached above to the 
auditory capBule JuBt below the fenestra ovalis, 
and curving at firet backwards and then forwards 
and downwards to be attached to the anterior 
outer angle of the body of the hyoid. 
b. The body of the hyoid : a flat Bquarish plate of cartilage 
formed by the fused ventral ends of the hyoid and 
branchial archeBj and lying in the floor of the mouth : 
Bbort proceBSOB are given off from its angles, 
b The posterior oorana of the hyoid : a pair of stout bony 
processes divei^ng from the hinder border of the body 
of the hyoid. 

B. The Appendioular 8kelet(m. 

Consists of the limba and the limb^rdlea. A^ in the case of 
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the axial skeleton it cooaista at first entirely of cartilage, which 
becomes afterwards replaced to a greater or less extent by car- 
tilage-bone. Membrane bones, i.e., bones developed indepen- 
dently of cartilage, are very rare, the clavicles being the only 
exampleB met with in the frog. (Fig. 7.) 

1. The pectoral girdle. 

ConsistB originally of two half rings of cartilage, one on each 
side of the body, which they encircle a short way behind the 
head ; the dorsal ends of the half rings are attached by 
ligaments and muscles to the vertebral column, while the ven- 
tral ends are united together in the median lino by the sternum 
or " breast bone." 

Each half ring bears in the middle of its outer surface a cup- 
shaped cavity, which forms with the first bone of the fore-limb 
the shoulder joint. The part of the arch above the joint is the 
scapular portion; and the part below, which is divided into 
anterior and posterior portions, tho coraooid. 

a. The scapular portion: divided into 

i. The snprascapnla: the upper portion: a thin 
expanded plate of cartilage overlapping the first 
fom' vertebne; partly calcified and partly ossified, 
though very imperfectly, 

ii. The scapula t an oblong bony plate, constricted in 
the middle : it forms the upper half of the 
glenoid cavity, the cavity of the shoulder joint 

I i. The coracoid portion : forms the lower half of the glenoid 
cavity; it is divided into anterior and posterior portions, 
separated from each other by the coracoid foramen, 
i. The precoracoid: a slender horizontal bar of car- 
tilage connecting the anterior edge of the scapula 
with the sternum, 
ii. The clavicle: a slender membrane-bone, closely 
applied to the anterior border of the precoracoid ; 
its outer or scapular end is bent forwards almost 
at a right angle. Noteworthy as being the only 
membrane-bone in the appendicular s' 
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ill The coraooid: a stout bone, wider at its inner 
than its outer end: it connects the posterior 
edge of the scapula with the sternum. 

c. The stemtun: lies in the mid-ventral line: it consists 
originally of two lateral halves which fuse completely 
in front and behind, but remain distinct in the 
median portion. It presents from before backwards 
the following parts : — 

i. The epistemum: a flat circular plate of cartilage. 

ii. The omostemnm: a slender bony rod projectmg 
forwards in front of the clavicles. 

iii. The epicoracoids: a pair of narrow strips of carti- 
lage closely applied to one another, and lying 
between the ventral ends of the precoracoids and 
coracoids. 

iv. Thestemiim proper: a rod of cartilage ensheathed 
in bone projecting backwards behind the 
coracoids. 

V. The xipMstemnm : a broad expanded plate of 
cartilage. 

2. The fore-limb. 

The bones, which are all cartilage bones, are elongated with 
enlarged ends, excepting the small bones of the wrist. The 
enlarged ends or epiphyses ossify independently of the shaft of 
the bone, with which they do not unite until late in life : the 
extremities are capped with articular cartilage. The end of a 
bone which, when the limb is extended, is nearer to the body 
is called its proximal end, the opposite extremity the distal end. 

a« The arm: in the arm there is only a single bone. 

L The humems: the proximal end or head is 
enlarged, and articulates with the glenoid cavity 
of the pectoral girdle : below the head is the 
strong deltoid ridge extending along theproximal 
half of the anterior surface. At the distal end 
is a spheroidal articular surface for the bone of 
the fore-arm: and at either side of this a 
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pTominent COndylEir ridge, tho inner or postaxial 
ono being the larger of tho two, especially in the 
male frog. 
^ b. The fore-arm. 

, The radio -nlna; corresjiouding to two hones, radius 
and ulna, in other animals ; it is single at its 
proximal end, but in its distal half ia imperfectly 
divided by a groove into anterior or radial, and 
poBterior or ulnar portions. Its prosimal end ia 
hollowed out to articulate with the lower end of 
the humerus, and bo form the elbow joint, be- 
hind which it forma the backwardly projecting 
olecranon process. 
[fO> The wrist; couBists of six small oarpal bones luranged 
in two rows, prosimal and diatal, each row having three 
bones, 

d. The hand; lias four complete digits and a rudimentary 
pollex or thumb. Each digit consista of a proxim^ 
metacarpal bone, beyond which are a variable number 

I of phalanges. 
i. Thepollex: the anterior or preaxial digit: 
simply of a small metacarpal bone, 
ii. Corresponding to the fore-finger of man : 
of a metacarpal and tivo phalanges, 
iii. Corresponding to the middle-finger of man : 
of a metacarpal and two phalanges. 
iv. Corresponding to the ring-finger of man : 
of a metacarpal and three phalangea 
V. The postaxial digit, corresponding to the little-finger 
of man : consists of a metacarpal and three 
phalanges, 
3. The pelvic girdle. 
Consists primitively, like the pectoral girdle, of a couple of 
half-rings of cartilage, fused together below and attached above 
to the tips of the transverse processes of the sacrum. In the 
adult frog the girdle ia placed very obliquely so as to be nearly 
parallel with the vertebral column instead of at right angles 
to it 
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Each half prescDts on its outer aspect a cupHshaped cavity — 
the acetabnlnm — formiDg with the thigh bone, the hip-joint: we 
accordingly distinguish an iliac portion above the acetabulum, 
and an iscMo-pubic portion below it, corresponding respectively 
to the scapular and coracoid divisions of the pectoral girdle. 

i. The ilitun: forms the anterior and upper half of 
the acetabulum, and extends forwards as an 
elongated laterally-compressed bar, which is 
attached in front to the transverse process of the 
sacrum and bears along its dorsal surface a 
prominent vertical ridge of bone, the iliac crest, 
ending behind in an abrupt vertical border. 
Posteriorly the two ilia meet one another and 
are united together in the median plane to form 
the iliac symphysis. 

ii. The pubes: consists entirely of cartilage: forms 
the anterior portion of the ventral division of the 
girdle, and therefore corresponds to the pre- 
coracoid in the pectoral girdle. The two pubes 
are completely fused together in the median 
plane, and form only a very small portion, about 
one-sixth, of the acetabular cavities. 

iii The iscMnm: the posterior portion of the ventral 
division ; corresponding therefore to the coracoid 
in the shoulder girdle. Forms the posterior 
third of the acetabulum. The two ischia are 
completely fused together in the median plane. 

4. The hind-limb. 

The bones have the same general characters as those of the 
fore-limb, to which they correspond very closely. 

a. The thigh. 

L The femur : a long slender bone expanded at both 
ends, and curved slightly in a sigmoid manner. 
The proximal end or head is spheroidal, and fits 
into the acetabulum to form the hip joint : the 
distal end is somewhat expanded laterally. . 
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b. The leg. 

i. The OS ciniiB or tibio-flbnlft: a siugle bono rather 
longer than the femur, slightly curved, and 
espanded laterally at both ends. It preaeatB along 
the greater part of its length a diatinct groove 
indicating its correspondence with two bones, 
tibia and fibula, which in man and many other 
animals remain distinct from one another. 
0. The ankle. Correapooding to the wriat in the fore-limb : 
consists of two rows of tarsal bones, 
a. Proximal rov of tarsal bones: consiatB of two elon- 
gated bones united together at both ends, but 
widely separated in the middle. 
i. The astragalus: on the preaxial or tibial aide, 
ii. The oalcaneiun : on the postaxial or fibular side: 

the larger of tbo two bones. 
I. Distal row of tarsal bones : consists of two very 
Email bono a. 

' d. The foot Has five complete digits, and a snpemn. 
mei-ary toe as well. Each digit consists of a proximal 
metatarsal bone, beyond which are a variable nnmbet 
of pbalanges. 

i. The hallni, corresponding to the great toe of man : 
the preaxial digit, and the smallost of the series, 
Consists of a metatarsal and two phalanges, 
On the inner side of the hallux is the oalcart 
supposed to be an additional or snpemnmerary 
toe. 
ii Consists of a metatarsal and (wo phalanges, 
iii Conaiata of a metatarsal and three phalanges. 
iv. The longest of the toes : consists of a metatarsal 

and /owr phalanges. 
T. The postaxial digit, corresponding to the little toe 
in man : conaista of a metatarsal and three 
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Chap. V.-THE MTrSCTTLAB STSTEH OF THE FSOO. 

The muscles, or flesh, are the direct means by which the 
various movements of the body and of its several parts are 
brought about. A muscle usually consists of a fleshy belly which 
is attached at each end by means of tendons to some hard part, 
very commonly to bone. Motion is effected by the muscle 
contracting, i,e,, shortening, and so bringing its two ends, and 
consequently the parts to which the ends are attached, nearer 
together. Of the two attachments of a muscle one is usually 
to a more fixed and central part, the other to a more moveable 
and peripheral part : the foimer attachment is called the origin 
of the muscle, the latter its insertion. 

Muscles are of two kinds : (1) voluntary muscles, i.e\y those 
which are under the control of the will, as the muscles of the 
arm : and (2) involuntary mnscleSi t.e., those over which the 
will has no direct control, as the muscles of the heart and 
bloodvessels, or of the alimentary canaL 

Voluntary muscles, which are the only ones dealt with in this 
chapter, are usually attached at both ends to bone ; but one or 
other end, or both, may be attached to aponeuroses, strong 
connective tissue membranes, which ensheath the muscles and 
other parts, and separate them from one another. 

For the dissection of the muscles, take a frog that has been in spirit 
for a day or more. When cleaning a musde he careful to put it on 
the stretchy and to dissect along and not cross its fibres : define 
the origin and insertion of the mttsde very clearly, and test its 
auction by pulling it gently urith the forceps in the direction of 
its fibres. Always have the skeleton in front of you so as to see 
accurately the origins and insertions of the muscles, 

A. Hnsdes of Trunk. 
1. Hnscles of ventral body wall. 

Fin out the frog on its back, remove the skin, and clean the 
muscles. 
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. The reotnB abdominis: mna longitudinally along 
the midvcntral wall, the muBclos of the two sidea 
being separated from one another in tie middle 
line b; the llnea alba, a longitudinal band of 
connective tissue, immediately dorsad of which 
lies the anteiior abdominal vein. Each rectiiB 
muscle is divided iuto bellies by five transverse 
tendinous intersections. 

The mnscle arises from the pubes, runs forward 
and is inserted into the dorsal surface of the 
a and coracoid. 
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ii. The pectoraliB: a large fan-shaped muscle eonaiat- 
ing of a thoracic portion, which arises from 
the whole length of the ventral siuface of the 
sternum : and an abdominal portion arising from 
the aponeurosis along the outer aide of the 
reotUB abdominis almost aa far back as the 
pubes. From this extensive origin the fibres 
converge to the deltoid ridge of the humerus into 
vuhich they are inserted, the line of insertion 
extending down almost to the elbow. 

iii. The obliquna extemns: a thin sheet of muscle 
which arises from the aponeurosis of the back, a 
short distance on either side of the vertebral 
column, and covers the whole of the side of the 
body, the fibres running obliquely downwards 
and backwards to end iu an aijoneuroais which 
passes dorsad of tho rectus abdominis to be 
inserted into the linea alba, 

iv. The obliqaus internns : lies beneath the obliqaui 
ezteinua, which must be removed in order to 
see it. It arises from the transverse processes of 
the vertebral from the fourth backwards, and 
fiwrn the ilium. The fibres run downwards and 
forwards, and are inserted in front iuto the 
ooracoid and sternum ; some of the fibres surround 
and are inserted into the tesophagua and peri- 
cardium. The hinder two-thirds of the muscle 
, pass dorsad of the tendon of the obliqnna 
> flztemiuand are insertedlike it into thelinea alba. 
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forward in the middle line as a stout band nearly 
to the chin : it then enters the tongue, and runs 
back along it to its tip. 

V. Thepetrohyoid: a set of four muscular bands which 
arise close together from the outer surface of the 
auditory capsule, and diverging from one another 
in a fan-like manner, pass round the floor of the 
pharynx and oesophagus to be inserted in front 
into the median ventral line of the pharynx, and 
behind into the side of the hyoid. The first 
or most anterior band is a wide thin sheet of 
muscular tissue, while the three posterior por- 
tions are very narrow slips, 

2. Hnscles of the side of the head. 

Remove the skin carefvlly from the side of the head and jawsy 
noticing how mv/ch more closely it is attached to the underlying 
parts ^lan was the case in the body. 

a. Depressors of the lower jaw: openmg the mouth. 

i. The depressor mancUbuli : has been already seen 
and dissected. 

b. Elevators of the lower jaw : shuttingthemouth: these 

lie in the space between the auditory capsule and 
the eye. 

iL The temporalis : arises from the upper surface of 
the auditory capsule, and passes outwards and 
downwards between the pterygoid and maxillary 
bones and in front of the cartilaginous ring sup- 
porting the tympanic membrane, from which 
some of its fibres arise : it is inserted into the 
coronoid process of the lower jaw. 

iii The pterygoideus : a slender muscle placed just in 
front of the temporalis and partly covered by it : 
it arises from the side wall of the skull, and is 
inserted into the mandible further back than the 
temporalis and very close to the joint 

iv. The masseter: a small muscle placed behind the 
temporalis : it arises from the quadratojugal and 
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runs downwards and slightly backwards to be 
imiGrted into the outer surface of the mandible, 
just in front of the joint. 
To see the insertions of these last three muscles tlie movOi should 
be opened loidely. 

3. Unsdes of the eyebalL 

Remove tlielemporal and pterygoid musdescaTefvily, dissecting 

tltem away from their origins, and then turning t/te rtmscles down 

and cutting them, short clone to tlieir insertions. Remove also the 

lower jaw : pin the frog out on its back and dissect away carefully 

the mucous membrane of t/ie roof of the mouth : note 

^^L i. The levator Imlbi: a thin sheet of muscle lying 

^^^1 between the mucous membrane and the e;e. Its 

^^^H fibres arise from tho side of the skull, run out- 

^^^^ wards underneath the eye and are inserted into 

^^^^k the upper jaw. The muscle by its cotttractiou 

^^^^B serves to lift up the eyeball and bo make it more 

^^^^^ prominent. Some of its fibres are inserted into 

the lower eyelid which tbey serve to dcproBs, 

acting as a depressor palpebira inferioris. 

Remove the levator l)ulhi and clean the remaining muscles, 

dissecting them partly frrni tlie dorsal and partly from the 

ventral smface. 

a, The recti mUBclea : a group of four small muscles which 
arise close together from the inner and posterior angle 
of tho orbit close to the optic foramen, and ruD 
forwards and outwards, diverging from one another, to 
be inserted into the bulb of the eye. 
i. The TGCtns euperior : inserted into the dorsal sur- 
face of the eyeball : seen best from above, 
ii. The rectus extemnsi the most posterior of the 
four: inserted into tho posterior surface of the 
eyeball : seen beat fiom the side or from below, 
iii. The rectus intenms: the longest of the four ; runs 
forward between the skull wall and the eyeball, 
and is inserted into the inner or median surface 
of the eyeball : seen best from below, 



It. lbs rectos toferior: inBerted into the under 
ButfacB of the eyeball : Been beBt from below. 

b. Theohliqnimuacles: a group of two Bmall muscIeH which 

arise close together from the palatine bone at the 
anterior end of the orbit, and run bEtckwarda to be 
inserted into the eyeball. 
i. The obliquuB superior: inserted into the dorsal 

surface of the eyeball just in front of the rcctOB 

Buperior: seen best froro above, 
ii. The obliqmis inferior: passes backwards beneath 

the reotna intemua, and is inserted into the 

eyeball between it and the lectas inferior: 

seen beat from below. 

c. The retractor bulhi, or choanoid mnecle : a funnel- 

shaped muBcle which lies within the four recti and 
embraces the optic nerve ; it arises from the para- 
Bphonoid, and ia inserted into the eyeball. It is best 
seen from below by carefully removing the recti ' 
muficles. 



C. The muscles of the Hind-limb, 

It the frog's leg be stretched back paraUel to the longitudinal 
aiis of the body, aa in the act of swimming, we distinguieh in 
it ventral and dorsal surfaces, an outer border in which is the 
projection of the knee, and an inner border along -which is the 
bend of the knee. The outer border, which corresponds to the 
front of the leg in man, is called the extensor snrface, inas- 
much as the muscles which extend or straighten the leg lie 
along this edge : the inner border is the flexor Bnrface. The 
" ventral " and " dorsal " surfaces only appear to be such in 
consequence of the extreme obliquity of the pelvic girdle : they 
ually anterior and posterior, and are better called preazial 
and poBtaxlal : they correspond respectively to the inner and 
outer surfaces of the human leg. If the foot be examined care- 
fully, it will be seen that the first digit or "big toe" is on the 
preasial side, and hence may be called the preazial digit; 
while the fifth or "little toe" ia on the poataxial side, and ia 
^therefore the postarial digit. 
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1. Unscles of the thigh. 

Remove the shnfrom one of tlie legs of the frog and dean the 
muscles Jirtt of the precuMil and then of the postaxial surfaces. 
a. Superficial muBcles of pieazial (appareat veatral) 
surface. 

. The sartorlDB : a long narrow musculflr hand which 
crosses the thigh somewhat obliquely from the 
outer to the inner side. It arises from the iliac 
symphysis below the acetabulum, and is inserted 
into the inner side of the head of the tibia. 

. The adductor maguus : a lat^e muscle lying along 
the inner border of the sartoriuB, but passing 
beneath it at its distal end. It arises fi^m the 
pubic and ischial symphyses, and passes imdcr 
the aartorias to be inserted into the distal third 
of the femur. 

. The adductor lOBgns : a long narrow muscle lying 
along the outer side of the adductor magnns, 
and almost completely hidden hy the aartorins : 
it arises from the iliac symphysis beneath the 
sartorius, and unites a little way beyond the 
middle of the thigh with the adductor magnuB. 

. The rectus intemm major : a Large muscle lying 
along the inner side of the adductor magnns 
and the sartorius. It ai-ises from the ischial 
sj-mphysis and is inserted into the head of the 

. The rectus iutemuB minor: a narrow flat band of 
muscle running along the inner (flosor) margin of 
the thigh : it arises from a tendinous expansion 
connected with the ischial sympbysia, and is 
inserted into the inner side of the tibia just 
below its head. 

' h. Superficial muscles ofextensor surface of thigh. 

i. The triceps extensor femoris : the great extensor 
muscle of the thigh : it arises by throe distinct 
origins, which may be described separately, and 
is inserted into the tibia, juat Vift\<i"« \\&\ie»&. 
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a. The rectus anticoB femoris : forms the middle 
head of the triceps: it arises fi'om the 
ventral border of the posterior third of the 
ilium, in front of the acetabulum : about 
half way down the thigh it joins 

/3. The vastus intemus: the preaxial division 
of the triceps : a large muscle arising from 
the ventral and anterior border of the 
acetabulum, and lying in the thigh between 
the sartorius and the rectus anticus. 

y. The vastus eztemus : the postaxial division 
of the triceps : it arises from the posterior 
edge of the dorsal crest of the ilium, and joins 
the other two divisions of the triceps about 
the junction of the middle and distal thirds 
of the thigh. 

c. Superficial muscles of the postaxial (apparent dorsal) 
surface of the thigh. 

i. The glutsBUS: has been already noticed : it lies in 
the thigh between the rectos anticus and vastus 
eztemus, 

ii. The biceps : a long slender muscle which arises 
from the crest of the ilium just above the 
acetabulum : it lies in the thigh along the inner 
border of the vastus eztemus, and is inserted by 
a flattened tendinous expansion into the distal 
end of the femur and the head of the tibia. 

iiL The semimembranosus : a stout muscle lying along 
the inner side of the biceps, between it and the 
rectus intemus minor. It arises from the dorsal 
angle of the ischial symphysis just beneath the 
cloacal opening, and is inserted into the back of 
the head of the tibia. It is divided about its 
middle by an oblique tendinous intersection. 

iv. The pjrriformis : a slender muscle which arises from 
the tip of the urostyle, passes backwards and out- 
wards between the biceps and the semimembra- 
nosus, and is inserted into the femur at the 
junction of its proximal and middle thirds. 
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I' d. Seep moBdes of tbe thigh. 
Zoy the frog on its bach so as to dissect the thigh from the 
preaxial mrface. Separate the addactOT m&^iiB aiid rectofl 
internoa major mth blunt ivMrumenls so as Co expose : — 

i. The BemitendinoBOS ; a long tbia muscle which 

I arises by two heads ; an anterior one from the 

I ischium eloso to the ventral angle of the ischial 

r symphysis and the acetabulum ; and a posterior 

I one from the ischial symphysis. The anterior head 

I passes through a slit in the adductor magnuB and 

I unites with the posterior head in the distal third 

r of the thigh. The tendon of insertion is long 

and tbin, and joins that of the rectus intemiu 
minor to be inserted into the tibia juat below its 
bead. 
Divide Ike adductor maguna and the sartoriUB in ike middle 
and turn the cut ends hacheards and forwards, so tw to expose 

a. The adductor breYis; a short wide muscle lying 
beneath tbe upper end of the adductor maguuB. 
It arises from the pubic and ischial symphyses, 
and is inserted into the preaxial surface of the 
proximal half of the femur. 
UL The pectineus : a i-ather smaller muscle, lying along 
the outer (extensor) side of the adductor hrerlB. 
It arises from the anterior half of the pubic sym- 
physis in front of tbe adductor brevis, and is 
inserted like it into the proximal half of the femur. 
iv. The ilio-psoas; arises by a wide origin from the 
inner surface of tho acetabular portion of the 
ilium : it turns round tho anterior border of the 
ilium, and crosses in front of the hip joint, where 
for a short part of its course it is superficial 
between the heads of the Taatus intemus and 
rectus anticns femoria ; it then passes down the 
thigh beneath these muscles, and is inserted into 
the back of the proximal half of the femur. 
T. The quadratus femoris : a small muscle on the back 
of the upper part of the thigh ; it arises from the 
ilium above tho acetabulum, and from the base 
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of the iliac crest : it lies beneath the pyriformifl 
and behind the biceps, and is inserted into the 
inner surface of the proximal third of the fBmur 
between the pyriformis and the iUo-psoas. 

vl The obtnrator : a deeply situated muscle which 
arises from the whole length of the ischial sym- 
physis and the adjacent parts of the iliac and 
pubic symphyses, and is inserted into the head 
of the femur close to the glutsus. 

2. MuscleB of fhe leg. 

As in the thigh, we distinguish extensor and flexor surfaces, 
corresponding to the front and back of the leg in man ; and also 
preaxial and postaxial surfaces, corresponding to the inner and 
outer sides of the human leg. 

Lay the frog (m its belly and commence the dissection from the 
postaxial surface, 

L Tlie gastrocnemius: the large muscle forming the 
calf of the leg : it has two heads of origin, whereof 
the larger one arises by a strong flattened tendon 
from the flexor surface of the distal end of the 
femur ; while the smaller head, which joins the 
main muscle about one-fourth of its length below 
the knee, arises from the edge of the tendon of 
the triceps extensor femoris where it covers the 
knee. The muscle is thickest in its upper third, 
and tapering posteriorly ends in the strong 
tendo AchilBs, which passes imder the ankle 
joint, being much thickened as it does so, and 
ends in the strong plantar fascia of the foot. 

ii. The tibialis posticus : arises from the whole length 
of the flexor surface of the tibia : it ends in a 
tendon which passes round the internal malleolus, 
lying in a groove in the lower end of the tibia, 
and is inserted into the dorsal sur£Btce of the 
astragalus. 

iii. The tibialis auticus: lies on the extensor surface 
of the leg : it arises by a long thin tendon from 
the lower end of the femur, and divides about 
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the middle of the leg into two bellies which are 
inserted into the proximal ends of the astragalus 
and calcaneum respectively. 

iy. The extensor cmris brevis : lies along the prea:xial 
side of the tibialis anticns, partly covered by it 
and partly by the strong fascia of the leg. It 
arises by a long tendon from the preaxial condyle 
of the femur, runs in a groove in the upper end 
of the tibia, and is inserted into the extensor 
surface of the tibia along nearly its whole length. 

V. The peroneus: a stout muscle which lies along 
the postaxial surface of the leg, between the 
tibialis anticus and the gastrocneimiis. It 
arises from the distal end of the femur, and is 
inserted into the external malleolus of the tibia 
and the proximal end of the calcaneum. 
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Chap. VI.-IEE NEBVOUS SYSTEM OF TEE FBOG. 

The nervous system consists of — 

i A central portion — the brain and spinal cord — ^which 
. lies in the cartilaginous and bony tube formed by the 
cranium and vertebral column, and which is the 
centre where sensations are felt, and whence motor 
impulses causing the muscles to contract take their 
origin: and 

ii. A peripheral portion — the nerves themselves — ^whioh 
connect the central portion with the skin, sense 
organs, muscles, viscera, etc., and serve to convey 
sensory impulses from these parts to the brain and 
cord, or motor impulses from the central organs to 
the muscles. 

Fig. 11. The nervons system of the edible frog {Boma eaculenta), from 
the yentral surface. (From Ecker.) 

F, facial nerve: G, ganglion of pnenmogastric nerve: He, cerebral 
hemisphere: Lo, optic tract: Lop, optic lobe: M, boundary between 
medima oblongata and spinal cord : M 1-10, the ej^wiX nerves : MS, con- 
nection between fourth spinal nerve and sympathetic chain : N, nasal sac : 
Ni, sciatic nerve : No, cmral nerve : o, e^ebc^ : S, trunk of sympathetic ; 
S 1-10, the sympathetic ganglia : Sp, continuation of sympathetic into head. 

I, olfactory nerve: II, optic nerve: III, motor oculi: lY, trochlear 
nerve : Y, bigeminal and facial nerves : Ya, ophthalmic branch of trigemi- 
nal : Yc, manllary branch of trigeminal : Yd, mandibular branch of tri- 
geminal : Ye, hyomandibular branch of facial : Yg, Gasserian ganglion : Ys, 
upper end of sympathetic trunk, in connection with G^serian ganglion : YI, 
abducens nerve : Yll, facial nerve : YIII, auditory nerve : X, glossopharyn- 
"^^I and pneumo^tric nerves : XI, ramus anterior of glossopharyngeal : 

I ramus postenor of glossopharyngeal : X3-4, branches of pnemnogaitrio. 
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These two functions are fulfilled by different nerves, which 
may accordingly be distinguished as (a) afferent or sensory 
nerves, conveying impulses to the central parts, and (6) efferent 
or motor nerves, conveying impulses /row the Jbrain or cord. 

A special set of nerves in connection with the bloodvessels 
and viscera form the sympathetic nervous system. 

For the dissection of the nervotis system specimens shotdd he 
taken which have been in strong spirit for two or three days^ and 
in which the brain has been eocposed to the action of the spirit by 
removed of the roof of the skull. 



A. The Central Nervous System. 

Divisible into an anterior portion — ^the brain — ^lying in the 
cavity of the cranium; and a posterior portion — the spinal cord — 
which lies in the neural canal of the vertebral column. There 
is no sharp line of demarcation between the two portions, which 
are directly continuous with each other. 

The central nervous system appears at a very early period in 
the development of the frog as a longitudinal groove extending 
the whole length of the dorsal surface. By fusion of its lips 
the groove becomes converted into a tube, which soon separates 
from the skin. This tube, which at first consists of almost 
unmodified epidermis, becomes converted by thickening of its 
walls and by further changes into the central nervous system ; 
the modifications being greater at the anterior end or brain 
than in the posterior part or spinal cord, but the tubular 
character being retained throughout life along the whole length. 

If the brain and spinal cord have not been already exposed^ 
clear away the dorsal muscles from both sides of the spine : cut 
through the occipito-atlantal memhrane, flexing the frog's head 
slightly to mxike the membrane tense, and being careful not to 
injure the brain beneath it. Introduce one blade of the scissors 
into the cranial cavity, udth the flat surface of the blade parallel 
to the bach of the frog, and keeping as close to the roof of the shdl 
as possible. Cut carefully through the side walls of the shdl, 
first on one side and then on the other. Turn theroof of the skull 
forwards unth forceps, and remove it altogether. 
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SitnUarlp tut through, and remove tlie nemal arches of the 
vertebrce one by one from before backwards. 

Examine and draw the central iiervoxts system in situ, showing 

J, The Inain. 
a. The doraal surface of the brain: note from before 

backwards the foUo^nng parts, removing the pigmented 

membrane — pift matei — covering the several parts as 

you come to tiiem. 

i. The olfactory lobea : united together in the median 
piano by a commissure : they give off tiio 
olfactory nerves from their anterior ends, and are 
separated behind by shght constrictions from the 
hemispheroB. 
, The cerebral bemiapheres: smooth ovoid bodies 
whicli touch one another in the mudian plane 
but are not fused together, 

. The thfllamencephaloiL : lozenge-shaped: lies 
immediately behind the hemispheres and between 
their divei^ng posterior ends : it ia covered by a 
thick vascular membrane — the choroid plexus — 
through which passes the stalk of the pineal 
gland, a small body adherent to and removed 
with the roof of the skull. On removing the 
choroid plexas a small hole is seen in the roof 
of the thai amen cephalon, connecting the hollow 
stalk of the pineal gland with the third ventricle. 
The thickened sides of the thalamencephalou are 
the optic thalami 

, The optic lobes: two prominent ovoid bodies 
touching one another in the median Hue; forming 
the widest part of the braiu, 

. The cerebelltun: a narrow transverse band im- 
mediately behind the optic lobes, 

. The medulla oblongata: the part of the brain 
behind the cerebellum : it is widest in front and 
gradually tapers towards its posterior end, where 
it is continuous with the spinal cord. It ia 
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covered by a very vascular triangular mombrane, 
beneath which lies the fourth ventricle. 




Fig, 12. A liorizontal section throngli Uie brain of the frog, to Aow | 
tbe intemBl cavitiea. (Ffddi Ecker.) I 

Aq, ventricleB of tlio optic lobes, and Sylvian uqoedact ; Dv, third van- ■ 
triole : MF, foramen of Monro ; Sv, lateral ventricle ; Vt, fourth tBntricle. 

b. Tlie cavities of the brain. 

Slice of the upper surface of tlie brain horizontally to as l9M 
expose ths several cavities or ventricles, which are merely parts of, T 
or (yatgr-mths of, the original central canal of the neural tuhe of% 
the embryo. 

i. The lateral ventricles ; ostend through the whole 1 
length of the cerebral hemispheres and a short | 
way ioto the olfactory lobes, 
ii. The third ventricle: eituated iu the thalamen- j 
cephiilou : it opens iu front through the fora 
of Uohto into the lateral ventricles : the stalk J 
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of the pineal gland opens into it above ; and in 
the hinder part of its floor is a conical deprea- 
aion, the infandibiilam. 

. Tho aqnradnctiia aylvii or iter a tertio ad gnaitnm 
ventriculum : a, uarrow paasage leading from the 
third to the fourth ventricle : it communioutoa 
above with the cavities or ventricles of the optic 
lobes, which are hollow. 

. The foartli veatricle : the large triangular cavity 
in the medulla already exposed by removal of the 
vascular membrane covering it. 



c Tbe ventral snr&ce of the brain. 

CiU tkroiigh the medulla a( the level of the hinder end of the 
gkuU : carefully remove ilie brain from the cranial cavity, noting 
tlie gftteral nerves arieing from it, and cutting through t/teee as close 
to the ihill imdl os possible. Zap the brain on its dorsal surface, 
aitd examine and d/rww the ventral surface, skomtig : — 

»i. The optic chiasma: formed by the decnssation 
of the rootB of the optic nervea ; the point of 
crossing being opposite the hinder enda of tho 
hemispheres, and immediately in front of the 
iniundibulum. 
Trace back tlie optic nervea behind tJteir point of crossing to 
their origins from the optic lobes. 

ii. The tnber cinereum: a amall median awelliug 
imn^ediately behind the optic chiasma, and 
caused by the depression of the floor of the third 
ventricle to form the infundibulum. 
iii. Tho pituitary body : a flattened sac, placed behind 
and continuous with the tuber cinereum. It 
ia very liable to be left behind in the skull on 
removing the brain. 
iv. The crura cerebri: two dense white columns ot 
nervous matter, lying at the base of the optic 
lobes, and partly hidden by the pituitary body : 
they serve to connect the hemispheres with the 
meduUa and spinal cord. 
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y. The anterior flssnre of fhe brain: a median longi- 
tudinal groove on the ventral surface of the hinder 
part of the brain: continuous with a similar 
groove on the ventral surface of the spinal cord. 

n. The spinal cord. 

A somewhat flattened band presenting brachial and lumbar 
enlargements opposite the points of origin of the nerves for the 
fore and hind limbs respectively, and slightly constricted between 
these two points. About the level of the sixth or seventh ver- 
tebra the cord narrows rapidly to form a fine thread, the filnm 
terminale, which extends back into the canal of the urostyle. 
Besides the anterior or ventral fissure the coi*d presents a 
dorsal fissure, a media,n longitudinal groove starting from the 
hinder angle of the fourth ventricle and extending to the com- 
mencement of the filnm terminale. 

The tubular character of the spinal cord is best seen on 
making transverse sections of it. These will be described 
further on in the present chapter. 

B. The Peripheral Nervous System. 

I. The Spinal Nerves : Ten pairs of nerves arise from the 
sides of the spinal cord; each nerve arising by two roots, 
a ventral or " anterior," and a dorsal or " posterior," which unite 
together at their point of exit from the vertebral canal through 
the intervertebral foramen : just before their union the pos- 
terior root bears a ganglionic swelling. 

Within the vertebral canal the roots of the anterior spinal 
nerves run nearly transversely outwards, so as to leave the 
canal opposite their points of origin from the spinal cord. The 
roots of the middle and posterior nerves, owing to the vertebral 
column being of greater length than the part of the cord 
belonging to it, pass obliquely backwards to their points of exit-: 
and in the case of the hindmost nerves, the roots run backwards 
within the vertebral canal some distance before reaching their 
foramina of exit : the bundle formed by these roots, together 
with the filum terminale, is spoken of as the Cauda eqninia. 

a. The spinal nerves within the vertebral canal : 

To expose the nerves either cut away uoUh scissors the neural 
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archet nf the verUhra one 6y one, aceorilitif/ to ihe directtom given 
for tfiB diufotion af the central Hervma systrm ; or ehe lay Om frag 
an it» back and cut away vrith »tout tcUmn'i fh-e hod.ies of the ver- 
leliTit so eu to expose the npiTial cord and nerves from Ote ventral 
surfuce. Note : — 
^^_ L The roots of the nervca : doreal and vonf rnl. 

^^k ii. The obliquity of tho middlo and posterior roots. 
^^B iii. Tho Cauda equina : formed by the roots of the 
^^H hiudor iieiTes together with tho filum tenniuale. 

^^H iv. The ganglia on the posterior roote as thoy pnss 

^^H througl) tho iiiterveitebral foramina: tlioy are 

^^^■^ best seen from the ventral surfixce, where they 

^^H^ are covered by whitish calcareouB patches, which 

^^^B form conspicuous objects on either side of tho 

^^^H vertebral column. Remove iliese patcJies carefully 

^^^^ to tee t!ie ganglia. 

b, The Bpijial nerves outside the vertebral canal : 
Lay the frog on it» haeh : cut through and pin out tlie hody- 
vHills, and remove tlte abdominal viscera. Sole the spinal nenvs, 
seen as teliite cordi at the sides of the vertebral column. Clean 
the nervet on one side and follow them to their distribution. Each 
iiorvo divides dbroctly after tho union of ita two roots into a 
lall dorsiU branch and a much larger ventral brauch. 

1. Tho hypoglossal or first spinal nerve : loaves the 
vortcbriil canal between the fii-st and second ver- 
tebrtc, and then runs forward on the under sur- 
face of tho bead bonoath tho mylohyoid and in 
the substance of the geniohyoid muscle to the 
chin, where it outers the tongue in which it 
ends. It supplies tho muBoks of tlio tongue and 
floor of tho mouth, and also some of the musolea 
of the baclt and shoulder. (Fig. 13.) 
2 and 3 : the second and third spinal nerves leave 
the canal between the second and third, and 
third and fourth vortobrni respectively : thoy 
unite together to form tlie bracbul nerve, which 
gives off a largo ooracoclavicular branch to the 
shoulder muscles and then runs down the arm, 
supplying it with muscular and cutaneous 
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branches, and divides just above the elbow into 
the radial and ulnar nerves which supply the 
forearm and hand. 

4, 6, and 6 : the fourth, fifth, and sixth spinal 
nerves are small, and supply the muscles and 
skin of the body-walL They leave the verte- 
bral canal between the fourth and fifth, fifth 
and sixth, and sixth and seventh vertebrae 
respectively. 

7, 8, and 9 : the seventh, eighth, and ninth spinal 
nerves together form the sciatic plexus. The 
roots of these three nerves within the vertebral 
canal form the main part of the Cauda equina. 
The seventh nerve leaves the canal between 
the seventh and eighth vertebrse, the eighth 
nerve between the eighth and ninth vertebrae, 
and the ninth nerve between the ninth or 
sacral vertebra and the urostyle. Outside the 
vertebral canal the three nerves imite together 
opposite the middle of the urostyle to form 
the sciatic plexus, from which branches are 
given to the large intestine, bladder, oviducts, 
etc. Just before joining the plexus the seventh 
nerve gives off the ildohypogastric and crural 
nerves supplying the muscles and skin of the 
abdomen and thigh. Beyond the plexus is the 
large sciatic nerve, which runs down the thigh, 
giving branches to it, and dividing a short distance 
above the knee into the tibialand peroneal nerves 
supplying the leg and foot. 

10: The coccygeal or tenth spinal nerve emeiges 
through a small hole in the side of the urostyle 
near its anterior end. It gives branches to the 
bladder, cloaca, and other adjacent parta 

n. The Sympathetic Nervous System. Consists of a 
longitudinal nervous band on each side of the body connected 
by branches with the several spinal nerves. The two main 
sympathetic trunks lie in front close to the dorsal surface and 
alongside the vertebral column : further back they are in dose 
relationship with the dorsal aorta alongside which they run. 



THB ORAJnAL HBBV&a. 81 

Eaob trunk receives a branch from each of the spinal nerves 
of its side, and at the junction of each of these bi-anohes with 
the main trunk there is a ganglionic enhu^ement 

The coccygeal or tenth spinal nerve, unlike the others, is 
connected with the aj'mpathetic by more than a single branch : 
the actual number of these branches is not coustaut, but is 
said to vary from two up to as many as twelve. 

From the sympathetic ganglia nerves are given off to the 
bloodvessels and viscera, the chief ones being : — 

Ii. The cardiac plexns: formed by nerves arising 
from the first sympathetic ganglion : the plexus 
is a meshwork of nerves on the aurich 



around the great vessels at their openings into 
the heart. 



The solar plexos: on the dorsal surface of the 
stomach i the nerves are derived mainly from 
the third, fourth, and fifth ganglia. Hepatic, 
renal, genital, lucmorrhoidal, and vesical plexuses 
also exist in connection with the liver, kidney, 
reproductive organs, lai^ intestine, and bladder 



III. The Cranial ITerveB. There are ten pairs of cranial 
nerves in the frog, which are numbered in order from before 
backwards. 

To dissect the cranial neniei expose the brain by removing tlie 
roof of the skull as already described, and Oien follow the spenal 
instructions given, in the case of the more important nerves. 

1, The olfactory nerve : the special nerve of smell: arises 

from the anterior end and outer aide of the olfactory lobe, 
and is distributed to the membrane lining the nasal 
cavity. 
To see its course and distribution dissect from the dorsal surface 

removing the roof of the anterior part of the s&ull, including t}(e 

nasal bone. 

2, The optic nerre ; the nerve of sight : ariaos from the side 

of the brain just below theoptio lobe, crosses over partially 
at the optic chiasma on the under surface of the brain, 
and then runs outwards to the eyeball. 
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The course of the optic nerve has been, fully eee^i in previout 
dissections. 

3. The motor ocali : a email nerve arising from the ventrat 
Hurface of the brain close to the median line and between 
the crura cerebri. It supplies four of the muscleB' 
moving the eyeball; viz., the rectus superior, rectiW 
intemus, rectus inferior, and obliijnus inferior. 

Owing to its email size the third nerve is not easy to disstei 
in the frog. 

i. The pathetic or trochlear nerre: a very slender nerve, 
arising from the dorsal surface of the brain between the 
optic lobes and the cerebellum, and supplying the 
obliq^nns superior muscle of the eyeball 

The neme is too small to be dissected satisfactorily in iltefrog. 




a, atomaoli ! b, Enatachian tnbe : h, hypogloraal norva : i, long : in, » _ 

.pinol netvQ : e, bihtib voqobus : i, Bqn&ntOHBl : t.a, trmiciu art^nosTia t !£, TJi, . 

aoriole : v, ventricle : v.ii, riglit ven^ cava, superior : Va, opbthalnuo branoll I 
of trigeminal : Vb, mejdllaiv branoh. of tiigeminal: Tc, mojidibDlai bmnchfl 
of trigeminal: Vila, palatine limiioli of fBOTRl: VJlb, liyoidoan branch dl 
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A d, gastric branch oC pneamoga^tric : S, tranaTerse process of second ti 
lebra : 3, tnuiEceree procesB of Uiird vertebia. 

5, The trigeminal: the largeat of the cranial nervea in the 
frog. Arises from the side of the anterior part of the 
medulla, and runs outwards and forwards to the skull 
wall ; just before reaching this it expands into a large 
swelling — the Gasserian ganglioiL It then posses 

t through the skull wall immediately in front of the 
auditory capsule, and divides at once into two main 
branches : — 
j. The ramus ophthalmiciu : runs forward through 
the orbit lying close to its inner side, between 
the skull wall and the eye. It lies beneath the 
rectus superior, but above all the other muscles 
of the eyeball and the optic nerve. At the 
anterior end of the orbit it divides into two 
branches which passes through the walls of the 
nasal capsule, and supply the skin of the fore 
part of the head. 
To trace iliis broTieh dissect from the dorsal surface : cut away 
car^uUy with scissors the side wall of the cranium ; cut through 
and turn aside the rectus superior, and find the nerve rvnning close 
alongside the shdl wall, belieeen it and the eyeball. Trace it for- 
wards to the nose. 
^' ii. The ramm mazilio-maitdibiilaris : runs directly 

^^^L outwards behind tho eyeball, in front of the 

^^^1 auditoty capsule and between the temporal and 

^^^^ pterygoid muscles. After a very short coiirse it 

^^•" divides into the mamillary and mandibular nerves. 

To trace this nerve and Us branches remove the sqvamosal bone 
carefully, and find the nerve lying on Ae pterygoid mtiscle and 
immediaiely behind the eye. Follow the nerve between the pterygoid 
and temporal mvscles to the skull, removing the muscles if necessary; 
and then trace the branches outtmrds to their distribution. 

a. The ramuB mazillaris : runs forwards and 
outwards in the floor of the orbit, behind 
and below the eyeball, to the margin of the 
upper jaw which it reaches about midway 
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along its length : it then ends in branches 
which run along the jaw, some forwards 
and some backwards, supplying the skin of 
the upper lip, the lower eyelid and other 
neighbouring part& 

/3. The ramus mandibnlaris : runs parallel to 
and behind the ramus mazQlaris as far as 
the outer border of the eyeball, giving 
branches to the temporal and pterygoid 
muscles : it then turns backwards, outwsu^ls, 
and downwards, and passing across the inner 
side of the upper jaw, reaches the outer 
surface of the mandible just behind the 
insertion of the temporal muscle : it then 
runs forward along the outer side of the 
lower jaw to the chin, supplying the lower 
lip and the muscles of the floor of the mouth 

6. The abdxLCens: a very slender nerve which arises fix)m 

the ventral surface of the medulla close to the median 
line, and a short way behind the pituitary body. It 
passes either through, or in very close contact with, the 
Gasserian ganglion, and entering the orbit supplies the 
retractor bulbi and the rectus extemus muscles. 

The nerve is too STnall to be dissected satisfactorily in the frog, 

7. The facial nerve: arises from the side of the medulla 

immediately behind the trigeminal nerve, and passes 
forward to the skull wall where it is very closely con- 
nected with the Gasserian ganglion. It passes through 
the skull wall immediately behind and in close company 
with the trigeminal nerve, and divides at once into its 
two main branches. 

L The ramus palatiniis; nms forward in the floor 
of the orbit a short distance from the side wall 
of the skull, and immediately beneath the 
mucous membrane of the floor of the mouth. 
Near the anterior end of the orbit it divides 
into two branches, one of which runs outwards 
and anastomoses with the ramus maxiUaris of 
the trigemiual nerve, while the other runs for- 
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warda to the anterior part of tlie roof of the 
mouth. It supplies the mucouB membraae of 
the roof of the mouth. 
JHtifct thii nerve from the ventral surface : cut awiiy the lower 
jaw : carefidly remove the mueoue membrane of the roof of the 
mouth, and find the nerve lying on the ventral eurface of the 
eydxill and its muscles, and running parallel to and a ilwrt 
distance from the skull wall. Trace it backwards and forwards. 
ii. The ramus hyomandibnlaris ; runs outwarda and 

BbackwardB round the front end of the auditory 
capsule ; it then crosaea over the inner end of 
the columella and turns downwards in the 
posterior wall of the Eustachian tube to the 
angle of the mouth, giving brsmchea to the 
tympanic membrane and to the articulation of the 
mandiblo. It then divides into two branches. 
JSe dtsteclion of this nerve, which is not easy, may heperformed 
thus : — remove the shoulder-girdle of one side ; also tlte duressor 
mandibuli and temporalis muscles : open the cranial cavity as hefare, 
to expose the brain ; remove the tympanic memhrane and dean the 
miter end of the columella. Cut away carefiMy the roof of the 
auditory eapstde by a horizontal cut, just above the level of ike 
columella : _find tite facial nerve running round the front md of 
the auditory capsule and in close contact with it, and trace it back 
over the columella and dmvn to the angle of the mouth. 

a. The ramus mandibnlaxiB : runs forward in 
^^^^ the floor oE the moiith, lying along the inner 

^^^L edge of the lower jaw and between the 

^^^^H mylohyoid muacle and the akin, as far for- 

^^^V ward as the chin. 

^^^l)itsectfrom the ventral surface ; remove the skin from the under 
rurface of thejloor of the mouth and find the nerve running along 
the inner border of tlie mandible. 

p. The ramiiB hyoideua: the poaterior and larger 

of the two branches : runs forward in the 

floor of mouth along the anterior comu of 

the hyoid, supplying ita muacles, 

i The anditoTT nerve : the nerve of hearing ; ariaea from 

the side of the medulla immediately behiud and in close 
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contact with the root of the facial nerve : it enters the 
auditory capsule and ends in the internal ear. 

9. The glossopliaryngeal nerve: arises from the side of the 
medulla behind ^e auditory nerve^ by a root common 
to it and to the tenth nerve : leaves the skull by an 
aperture immediately behind the auditory capsule, and 
divides behind the capsule into two branches : — 

!• The ramus anterior: runs downwards and for- 
wards round the hinder border of the auditory 
capsule and beneath the depressor mandibuH 
muscle to join the facial nerve just after it has 
crossed over the columella. 

The dissection already made for the ramus hyomaridilmUiris of 
the facial nerve mil show also the above branch of the glosso- 
pharyngeal, 

ii. The ramus posterior : runs downwards and for- 
wards to the ventral wall of the pharynx, passing 
beneath the fourth division of the petrohyoid 
muscle but superficial to the others; it runs 
just behind and parallel to the anterior comu of 
the hyoid. On reaching the floor of the mouth 
it crosses obliquely dorsad of the hypoglossal or 
first spinal nerve, and then runs forwards in a 
peculiarly sinuous course, close to the middle 
line and between the geniohyoid and hyoglossus 
muscles, to the base of the tongue which it enters 
and in which it ends. It supplies the petrohyoid 
muscle, and the mucous membrane of the phazynx 
and tongue. 

The dissection of the first part of the nerve is best perform^ 
from the side, and is much facilitated by distending the cesophagus 
and pharynx vnth a cork or roll of paper. Its course along 
the floor of the mouth to the tongue should be dissected from the 
ventral surface, 

10. The pneumogastric or vagus nerve: arises, as already 
noticed, in common with the glossopharyngeal It 
leaves the skull by the same aperture as the ninth nerve, 
and immediately outside the skull presents a ganglionic 
enlargement : it gives off dorsal branches to the muscles 
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of the back, and thou runs backwards and downwards 
round the aide wall of the pharynx, running along the 
hinder border of the fourth division of tho petrohyoid 
muBole : behind thia muscle it divides Into its main 
branches. 
i. The lamiiB larTHgeae : loops round the posterior 
comu of tho hyoid and round tho pnlmocutaneous 
arteiy close to its origin from the aortio trunk r 
passes inwards dorsad of the artory to the middle 
line where it ends in the laryns. 
ii. The ramtiB caxdiacna ; passes dorsad of the pul- 
monary artery to the interauricular septum of 
the heart, and to the sinus venosus, 
iil The rami pnlmonalefl : follow the course o£ the 
pulmonary artery to the lung, in which thoy end, 

»iv. The rami gastrici; usually two in number: run 
through the partial diaphragm formed by the 
anterior fibres of the obJiquus internua muscle, 
and end in the walls of the stomach. 
The dorsal portions of the several branches of the vagiis are hest 
dissected from the side .- to see them, properly, the shoulder girdle 
and fore-limb must be removed and the cesopkagus teell distended: 
the terminal branches must be dissected from the ventral surface. 

IT, The Cranial Portion of the Sympathetic NerrooB 
System. 

The main sympathetic trunk of each side extends forwards in 
front of the first ganglion, and enters the skull at the foramen 
in the exoccipital bone through which the glossopharyngeal 
and vagus nerves pass out; it is connected with the vo^a 
nerve, and then runs forwards within the skull to the Gaaseriau 
ganglion of the trigeminal nerve, in which it ends. 

C. Histology of Nerrea. 

Nervous matter consists histologically of elements of two 
kinds, nerre ceUs and nerve flbreB. The nerve cells are 
bi-anching nucleated cells connected by their processes with one 
another and with the nerve fibres. The nerve cells are the 
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centres whence impulses originate, while the nerve fibres senre 
to convey those impulses from one part to another. A local 
accimiulation of nerve cells is called a ganglion. 

1. Nerve Fibres: are of two kinds, medullated and non- 
medullated. 

a. Mednllated nerve flhres : these form the greater part 
of the cranial and spinal nerves. 

TaJce a vnvaU piece of the sciatic or some other nerve from 
a freshly killed frog : tpi^ead ovt and tease in a drop of nomuU 
salt solution : examine mth low and high powers : note 

L The nerve flhres : unbranched. 

ii The perinenrixim, or connective tissue binding the 
nerve fibres into bundles or " nerves." 

In each nerve fibre note 

iil The primitive sheath, or sheath of Schwann: a 

very delicate external investment, seen with 
difficulty, and only in certain places. 

iv. The mednllary sheath : a thick fatty layer within 
the primitive sheath. 

Tease in glycerine a smaU piece of nerve that has been treaied 
with osmic acid : examine with high power a single nerve ^fhre : 
note 

i. The medxQlary sheath: stained black in conse- 
quence of its feitty nature : interrupted at inter- 
vals by 

ii. The nodes of Banvier: spots where the medullary 
sheath is absent, and the primitive sheath forma 
constrictions touching 

iii. The axis cylinder: a central cylindrical rod, the 
essential part of the nerve fibre : visible at the 
nodes : much less deeply stained than the medul- 
lary sheath. 

iv. Nuclei: project into the medullary sheath about 
midway between the nodes. 



TeoK a tmall piece of freih nerve in ehlorojorm : tliis will 
partially dissolve the fatty medullary sheath and so render clearly 
visible : — 

i. The primitive sheatb, or sheatli of Schw&iin. 
ii. Tlie axis cylinder. 

M b. Hon-mednlated nerve fibres. 

Examine mounted preparation, of frog's cornea stained with 
chioride of gold: note tlie fine varicoao nerve fibres with no 
medullary sheath. 

2. Herre cells : Tease in glycerine a email fragment of the 
anterior cortiu of the spinal cord of the ox (lumbar region) : cover, 
and examine with low and high powers : note 
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. The nerve flbres. 

. The fine connective tisBue binding the several parts 



3. Stmctnre of the Spinal Cord. 

Take one of the prepared transverse sections of spinal cord of 
frog : mount in balsam, and examine with low and high powa-a ; 
note ; — 

a. With low power. 

i. Shape; bilaterally symmetrical j considerably wider 

thun it is deep, 
ii. The ventral or anterior, and dorati or posterior 

flsBnres: of those the anterior is broad and 

shallow, the posterior narrow and deep. 
iiL The white matter : forming the outer part of the 

cord, and composed of medullated nerve fibres. 
iv, The grey matter: forming the central part of the 

cord, and composed of a dense network o* 
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V. The comxLa: anterior or ventral, and posterior or 
dorsal, into which the grey matter is produced 
on either side. 

vL The central canal of the cord : in the median line, 
nearer the ventral than the dorsal surface. 

vii. The nerve roots : only seen if the section happens 
to pass through their points of origin* 

a. The posterior or dorsal root : connected with 
the posterior comu of the grey matter: a 
single thick band of nerve fibres. 

j3. The anterior or ventral root: connected with 
the anterior comu of the grey matter; a 
number of very slender bands of nerve fibre& 

b. With high power. 

L The ganglion cells: large nucleated branched cells 
lying in groups in the grey matter : largest and 
most numerous in the anterior comua. 

iL The neuroglia: a delicate network of connective 
tissue fibres and cells penetrating and supporting 
all parts of the cord, and continuous at tiie sur- 
fia,ce with the pia mater. 

iii. The pia mater: the delicate connective tissue 
membrane ensheathing the cord and extending 
into the fissures. 

iv. The bloodvessels of the cord : small and numerous : 
enter from the pia mater. 

V. The ciliated epithelium lining the central canaL 



Chap. Vir.-THB EYE AND EAR. 
A. Hie Eje of the Frog;. 

. Remove the eye from a freshli/ killed frog : snip of mth 
ears tlie muicla of tlie eyeball : note 

L The shape of the eyeball : flattened on the outer 

side : more convex on tho inner or deeper aide, 
ii. The sclerotic; the firm outer wall of the eyeball, 
formed of dense white connective tissue 
strengthened by hyaline cartilage, 
iii. The comea: tho transparent patch on the outer 
side of the eye through which the light enters : 
continuous at its margin with the sclerotic. 
iv. The iris; a pigmented ring placed behind the 
cornea and seen through it : it acts as a dia- 
phragm, limiting the amount of light that eaters 
the eye. 
V. Tho pupil; the aperture surrounded by the iris, 
which aerves to admit the light to the interior 
of the eye, 
vi. The optic nerre; seen piereing the sclerotic to 
enter the eyeball on its inner side. 
3, Place the eye under tvater and divide it teitk scissors into two 
halves by a cut passing through the middle of (As cornea and 
through the tclerotic close to the optic nerve, so as to lay opai 
completely the interior of l/ie eye : note ; — 

i The leas; a firm solid transparent body, just 
behind the iris and attached to its outer margin ; 
more convex on its inner than its outer surface, 
ii. The anterior chamber of the eye; between the 
lens and cornea : small : contains the aqueous 
hnmonr. 
iii, The posterior chamber of the eye : the lai^e space 
behind the leua : filled by the vitreous humour, 
a gelatinous body. 
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ir. The ohoToid: the black pigmented layer lining 
&e sclerotic, and continuous in &ont with the 



T. The retina: a delicate transparent membrane 
lining the posterior two-thiids of the eje : it is 
readily detached &om the choroid, except at 
the entrance of the optic nerve with wliich it is 
contiuuom 



B, The Eye of the Sheep or Ox. 




E^S- 14. A diaffismnutjo section throoKli the eyo of a, ■"»'""ib1 p— t*!!!: 
throngh the oeutres of the oomea and leng, and thcoagb the yellow spotMa 
poiat of eatnuice of tlie optio neive. 

A, anterior chamber : Ar, ceatral artery of retina : B, blind spot : o> 
ooToea : Oh, choroid : O P, ciliary prooeeBee : _H, hyaloid memhrane, anolodDg 
t^ vitreoDB hnmonr : I, iris : L, 1^: O, optionerre: p, posterior chamber: 
1^ retina: 8, aolerotic : 81^ euepenwiry ligiunent: Y, yellow ipot. 



I. DitMct off t/ie mvacles of the eyeball and tlie fat vthich iur- 
I rounds the optic nerve.- note; — 

i. The ahape of the eysball. 

ii. The sclerotic, covering ahout five-sixths of the 

eyeball; tough, white, and opaque. 
iiL The cornea: covering the outer sixth of the 
eyeball : circular, transparent : continuous at 
its margin with the sclerotic : more convex than 
tho sclerotic, 
iv. The conjnnctiya ; a delicate epithelia] layer, cover- 
ing the front of the cornea and part of the 
sclerotic. 
V. The iria: a pigmented ring seen through the 

cornea. 
\i. The pupil; the central aperture surrounded by 

the iria. 
vil The optic nerve : piercing the sclerotic at the back 
of the ejo. 

, Cvl all round the cornea close to its margin with fins scissors : 
\ remove the cornea : note : — 

i. The aqueona Immour: the transparent watery 
fluid filling the anterior chamber of the eye, 
and escaping when the cornea ia removed, 
ii. The lens. 

3. ifakefour radial cuts equidistant from one another through 

the margin of the cornea and the sclerotic, taking care not to injure 

the deeper parts ; and extend the cuts hack towards the optic nerve. 

Carefully peel off the four flaps into which the sclerotic ia now 

. divided from the underlying black choroid coat: turn tJiem down, 

I and pin them to the dissecting hoard so as to fix the eye with the 

■HJru upwards : note : — 

i. The dliaiy muscle : a whitish ring of unstriped 
muscle connecting the outer margin of the iris 
with the junction of the cornea and sclerotic: 
this must be detached with the handle of tho 
scalpel to allow the flaps of tho sclerotic to bo 
turned book. 
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ii. The choroid: the dense black coat exposed by the 
removal of the sclerotic. 

iii. The ciliary vessek : these pierce the sclerotic to 
convey blood to and from the choroid, which is 
extremely vascular. 

iv. The ciliary nerves: seen passing through the 
sclerotic to the choroid while the flaps are being 
turned down. 

4. Make a couple of radial incisions a short distance apart 
through the iris and cUiary muscle^ and turn hack the portion of 
the iris between the two cuts : note : — 

i. The ciliary processes ; a series of radial folds on 
the under surface of the outer margin of the iris : 
they fit into corresponding folds in the ligament 
which surrounds and supports the lens. 

5. Make a circular incision with scissors all round the eye about 
half an inch behind the ciliary muscle, cutting through the choroid 
and retina, but taking care not to injure the delicate membrane 
enclosing the vitreous humour. Gently detach and remove in one 
piece this front ring of iris, choroid, and retina : pin it on the 
dissecting board unth the posterior surface upwards : note: — 

I The ciliary processes. 

ii. The uvea: the layer of dense black pigment at 
the back of the iris. 

iii The ora serrata : the indented anterior boundary 
of the part of the retina sensitive to light: 
in front of this the retina becomes extremely 
thin, but really extends forwards as fiir as the 
free edge of the iris. 

6. Examine the front of the eyeball from which the ring has been 
7'emoved as described above : note : — 

i. The capsule of thd lens t transparent and elastic. 

ii. The Suspensory ligament of th6 lens, or zonnle of 
Zlnn: the outer margin of the capsule of the 
lens : marked with radiating folds into which 
the ciliary processes fit. 
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ill The hyaloid memliraiie : the delicate elastio mem- 
brane enclosing tlie vitreous humour, and con- 
tinuous in front with the posterior layer of the 
capsulo of the lens. 
iv. The cut edges of the i-etina and choroid. 
. Remove the lemfrom its capsule .- note its shape, more convex 
be/tirtd than infrant: harden, it with spirit, or hy boiling for a few 
minutes in water. 

8. Remove t/ie Mtreous ?iu7rww in the hyaloid Tnemhrtme ; 
Lfwte ; — 

I l The retinti; a delicate pulpy membrane between 

I the hyaloid membrane and the choroid. 

I ii. The blind Bpot : the point of entrance of the optio 

I nerve : to this spot the retina adheres firmly, 

I though it can be readily removed from the 

I choroid at all other parts. 

B ill The retinal vnsels ; mdiatiug from the blind spot. 

I C. HiBtology of the £ye. 

I 1. The frog's eye. 

■ Momit in balsam one of the prepared sections of the posterior 
\ fart of the frog's eye: examine with loiv and high powers; note: — 
I a. The sclerotic ; consieting chiefly of hyaline cartilage. 

I b. The choroid: a vciscular plexus with much pigment 

K C The retina : composed of the following layers fi-om 

■ without inwards ; — 

I i. Layer of pigment cells, sending processes between 

I ii. The rods and cones ; a single layer of colimmar 

I bodies placed vertically to the surface : the rods 

V are far more numerouB, and much latter than 

I the cones : each consists of an inner and an 

I outer segment, 

I iiL The onternadear layer: amoderat«ly thick layer, 

I well stained. 

I iv. The outer molecular layer ; a very thin layer, not 

I stained. 
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Y. The inner nudear layer: thick, and well stained. 

vi. The inner molecolar layer ; thick, but not stained. 

vii. The layer of nucleated nerve cells. 

viii. The layer of nerve fibres. 

ix. The internal limiting membrane. 

X. The radial fibres or M1iller*s fibres : commencing 
with expanded ends in the ninth layer and 
stretchii^ outwards : can easily be traced through 
^ the inner molecular layer. 

2. The choroid ; ^read a small piece of fresh choroid on a 
slide in normal salt sohUion : examinee with low and high powers : 
note: — 

L The network of bloodvessels: invested by 

ii. Figment cells; irregularly branched: with clear 
nuclei. 

3. The lens ; tease in glycerine a small piece of lens hardened 
hy boiling : examine tvith low and high powers : note : — 

i. The elongated cells of which the lens is composed. 

iL The serrated edges of many of the cells. 

D. The Ear of the Frog. 

The frog's auditory organ is too small to dissect satisfactorily, 
and is best studied by making transverse sections of the entire 
head, m the following manner :— 

Kill a frog tvith chloroform, cutoff the head with stout scissors 
and decalcify it hy placing in a 5 to 10 per cent, solution of 
nitric addy or a mixture of chromic a/nd with a few drops of 
nitric add. When the hones are thoroughly softy which will take 
from a few hours to 3 or 4- days or more according to the strength 
of acid employed, remove it from the decalcifying solution and 
transfer to weak alcohol and thence to strong alcohol. Then 
stain with horax carmine, imhed in paraffin, and cut into transverse 
sections vdth a microtome. Mount the sections in series; examine, 
and draw them showing : — 

1. The periotic capsule : consists mainly of cartilage, and is 
firmly fused with the hinder part of the cranium. 



. The veatibule: a membranous aac lying in the cavity of 
the periotic capsule, and filled with a watery fluid the 
endolymph : it is partially divided by a constriotion into 
two niaiu diviaioua : — 

i. The ntricnliiB ; the upper and larger one. 

, The BaccnlTiB; the iuferior and Bmaller division: 
from it arise throe small saccular dUatfttious 
supposed to represent the cochlea of higher 
animals. 




Fig. 15. The right intaniaJ e\ 
cartilage and drawn from the OQb 

0, the anterior Yertical setnicircnUr canal : b, its Brnpnlla ; k, Uxe liori. 
xontol canal ; i, its ampulla : p, the posterior verticid """■'I ■ r, its ampulla: 
s, tlis euccaJoB: u, the utricmud. 

3, llie semicircular canals i three tubular offsets of the 
veatibiUe into which they open at both ends. They 
lie in canals in the periotic cartilage, and are placed in 
planes at right angles to one anotJier : each has at one 
end, close to its opening into the vestibule, a dilatation 
or ampulla, 

i. The anterior vertical canal has its ampulla at its 

anterior end. 
iL The posterior vertical canal has its ampulla at its 
outer end, while its inner end joins the posterior 
end of the anterior vertical canal to open into 
the vestibule by a common orifice, 
iii, The horizontal or external canal has its auipuUa 
at the anterior end. 
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4. The auditory nerve: the auditory or eighth nerve leaves 

the cranial cavity through a hole in the inner wall of the 
periotic capsule, and divides into branches distributed 
to the sacculus and its diverticula, and to the ampullse 
of the semicircular canals. 

5. The accessory auditory apparatus. The essential organs 

of hearing: — *.e., the vestibule and its offsets, and the 
auditory nerve — are enclosed in the periotic cartilage, 
deeply placed in the side of the head : the communi- 
cation with the surface is brought about by the accessory 
apparatus, which consists of the following parts (Fig. 
10):— 

i. The EustacMaji passage and m p anic cavity : 

really the hyomandibular gill cleft, which having 
lost its original respiratory purpose persists with 
modified function as an accessory organ of hearing. 

ii. The tympanic membrane; closing the tympanic 
cavity on its outer side. 

iii. The columella: a rod of bone and cartilage, whose 
outer end is attached to the tympanic membrane, 
while its inner end is inserted into a hole in the 
outer wall of the periotic capsule so as to lie in 
close contact with the vestibule. It serves to 
communicate the auditory vibrations from the 
tympanic membrane to the vestibule. 
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Chap. VIU.— THE REPRODUCTIVE OEGAHS AND THE 
CLOACA OF TEE FROG. 

A. The Hale Ttog. 
1. The Reproductive Organs. (Fig. 3.) 

Pin the frog m, its bad: under watei- : open, the body cavity 
from the ventral surface : turn aside or remove the alimentary 
canal and liver. 

j. The testes; a pair of yellow oval bodies about 
a quarter of aa inch loug, lying ou the ventral 
surface of the kidneys ; within these are developed 
the essential male elements or spermatozoa. 

ii. The vasa efferentia: a number — usually 10 to 
13 — of slender ducta, couneoting the testis of 
each side with the inner or median border of the 
corresponding kidney ; they serve to convey the 
spermatozoa from tho testis into the tubules of 
the kidney, from which they escape by tho 
ureter which acts as vns deferens. 

iii. Tho Tas deferens or ureter : runs along the outer 
ei^e of the posterior part of tho kidney and then 
back to thp cloaca. 

iv. The veBicnla semiitalis : a large pouch-like dilatar 
tion on the outer aido of the vaa deferens, just 
below the kidney and before reaching the cloaca. 

2 The Cloaca. 

Lay the frog on iti back.- cut through the femur on. each side 
with strong sHssors just below its head : cirf also through the two 
ilia at their Tiechs just in front of the acetabula. Carefully 
dissect ateay the pelvic symphysis, which is now isolated, from tJie 
muscles attaclied to it and Jrnm the doaca, and remove it com- 
pletely, tafcing care not to injure the doaca. 

i. The cloaca: really the terminal portion of the large 
intestlnB into which open the ureters, the genital 
ducts, and the bladder. 
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il The bladder: a thin-walled bifid muscular sac, 
lying on the ventral surface of the large intestine 
and cloaca, its two lobes communicating freely 
with each other. It is invested by peritoneum 
and attached to the sides of the body by special 
peritoneal folds. 

Inflate the bladder with a blowpipe through the cloaeal aperture: 
pass a seeker up the cloaca to determine the exact position of the 
opening from the bladder to the cloaca. Cv^ up the cloaca along 
one side : toash out its contents and examine the opening into the 
bladder. 

iii. The ureter or vas deferens behind the vesicula 
seminalis forms a very short tube opening into 
the dorsal wall of the cloaca almost exactly 
opposite the opening of the bladder on the ven- 
tnd surface. The openings of the two ureters 
are close together on the apices of two small 
papillae, overhung by a slight valvular projection 
of the mucous membrane of the cloaca. 

B. The Female Frog. 

1 The Beproductive organs. 

Dissect as in the male, 

i. The ovaries: a pair of black masses lying in folds 
of the peritoneum in front of the kidneys, in very 
much the same position as the testes in the male. 
Their shape and size vary much at different 
seasons of the year. On their surfaces are 
numerous rounded projections, like small shot ; 
these are ova in various stages of development : 
the smaller and younger ones are white j the 
larger and more mature ones black in one half, 
and white or yellowish in the other. 

ii. The oviducts: a pair of white much convoluted 
tubes with thick gelatinous walls. They com- 
mence with open mouths at the extreme front 
end of the body cavity, close to the outer side of 
the roots of the Ixmgs ; and run back increasing 
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in size, and becoming much convoluted. The 
lower ends are much dilated, but have thinner 
walls. Unlike the male the female has genital 
ducts distinct from the ureters. 

2. The cloaca: 

Dissect as in the male, 

i. The doaca: very similar to that of the male, 
ii. The bladder : like that of the male. 

iii. The ovidncts : open separately into the dorsal wall 
of the cloaca just above the bladder by two wide 
apertures separated by a narrow median partition. 

iv. The ureters : open by two small apertures placed 
close together into the dorsal wall of the cloaca 
just behind the oviducts. 



J, E. ComisKs Pvblications. 



Roger Bacon. The Philosopliy of Science 
in the Middle Ages. By R. Adamson, 
M.A., Professor of Logic and Mental 
and Moral Philosoi)hy in the Owens 
College, Victoria University. Is. 

Greek Exercises for Beginners. Tran- 
slated from the Greek Grammar of 
Prof. George Curtius. By Edwin B. 
England, M. A., Lecturer in Gkeek and 
Latin in the Owens CoU^e, Victoria 
University. Is. 

The Present Aspect of the Antiseptic 
Question. By Edward Lund. F.R.G.S., 
Prof, of Surgery in the Owens College, 
Victoria Umversity. 2*. 

Engineering Syllabns of the Lectures 
at the Owens Golleffe, together with a 
series of examples relating to the various 
subjects included in the course. Bv 
Osborne Reynolds, M.A., F.R.S., Prof. 



of Engineering in the Owens College, 
Victona University. Arranged by Mr. 
J. B. Millar, Assistant Lecturer in 
Engineering. 2nd Edition. Zs, 

Description of the Ohemical Labora- 
tories at the Owens College, from the 
plans of Alfred Waterhouse, R.A. By 
Sir H. £. Roscoe, F.R.S., Professor of 
Chemistry in the Owens College, Vic- 
University. With lithographed copies 
of the original plans and elevations. 58, 

Notes on the Diagnosis of the various 
forms of Paralysis of the Muscles of 
External Relation. By James Ross, 
M.D., LL.D. Is. 

Histological Notes for the use of Medical 
Students. By W. Horscraft Waters, 
M.A., Lecturer on Histology in the 
Owens College, Victoria University. 
28. 6(2. 



J. E. CORNISH, 

33 PICCADILLY, 

MANCHESTER. 



